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N  the  following  pages  the  author  has  endeavoured  to  set  forth  the. 
principles  and  practice  of  steam,  as  they  are  understinil  by  modern 
engineers,  for  the  use  of  the  student*  using  the  term  in  its  wide 
sense,  vi2.  to  include  all  those  to  whom  a  knowledge  of  steam  and  of 
steam-using  apparatus  will  he  of  service.  With  the  universal  em- 
ployment of  power,  a  knowledge  of  the  properties  of  steam  is  becoming 
daily  of  more  and  more  importance  to  engineers  of  all  branches,  and 
Lo  large  numbers  of  business  men  uiul  others  who  are  not  directly 
engaged  in  the  practical  application  of  steam  appliances. 

The  author  has  endeavoured  to  set  out,  in  simple  language,  and 
with  the  aid  of  only  the  very  simplest  forms  of  mathematics,  the 
properties  of  water,  of  steam,  of  air,  and  of  the  gases  that  enter  into 
the  process  of  combustion,  aud  he  has  also  endeavoured  lo  give  a 
i  of  the  latest  practice  in  steam,  aud  a  description  of  the  latest 
appliances  for  its  economical  generation  and  use.  With  the  ever- 
increasing  demands  for  power,  and  with  the  repeated  warnings  from 
scientists  of  the  possible  shortness  of  coal,  and  again  with  the 
steadily  increasing  cost  of  mining  coal  in  the  United  Kingdom, 
sources  of  economy  in  the  use  of  steam,  it  has  appeared  to  the 
author,  are  of  increasing  importauoe;  and  he  has  endeavoured  to 
give  a  clear  and  simple  explanation  of  the  different  apparatus 
designed  to  produce  economy,  and  of  the  leading  forms  on  the 
market. 

The  book  is  divided  into  six  chapters.  In  the  first  chapter  the 
.luiiiur  has  dealt  with  the  underlying  principles  upon  which  the  use 
of  steam  apparatus  is  based.  In  the  second  chapter  he  has  described 
the  principles  and  construction,  and,  as  far  as  space  has  allowed,  the 
working  of  the  different  forms  of  boilers  on  the  market.  In  the 
thud  chapter  he  has  dealt  with  the  apparatus  designed  to  effect 
economies  in  the  consumption  of  fuel.     In  the  remaining  chapters 
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he  has  dealt  with  the  construction,  arrangement,  and  working  of 
reoiprocating  engines,  turbines,  and  condensers,  and  with  the  appa- 
ratus designed  for  economies  in  steam  consumption,  in  the  cost 
of  condensing,  etc.  He  trusts  that  the  book  may  be  of  service 
to  those  for  whom  it  is  written,  and  may  be  an  aid  to  the  heavier 
books  on  steam,  steam  engines,  etc. 

SYDNEY  F.  WALKER. 

1,  Bloomtibld  CuecxHT, 
Bath. 
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CHAPTER   I 

INTRODUCTORY 
What  Heat  is 

to  the  latest  theory,  and  the  only  one  bo  far  as  the  author 
is  aware  that  is  at  present  in  vogue,  what  we  know  as  heat  is  a 
wavo  motion  in  the  ether.  The  theory  is  known  sometimes  as  the 
mechanical  theory  of  heat,  and  sometimes  as  the  wave  theory. 

Every  one  is  familiar  with  the  experiment  that  is  mentioned  in 
heat  and  light  text-books,  of  a  boy  throwing  a  atone  in  the  water,  and 
the  circles  of  waves  which  follow.  Most  of  us  also  have  watched  the 
waves  which  are  pushed  out  from  the  bow  of  a  steamer,  as  it  cleaves 
its  way  through  the  water.  We  have  also,  most  of  us,  sat  on  the  sea- 
shore and  watched  the  waves  come  rippling  up,  one  after  the  other, 
at  our  feet.  We  notice  two  or  three  characteristics  about  the  circular 
waves.  They  are  continually  moving  onward,  and  in  the  case  of  the 
waves  created  by  a  stone  thrown  in  the  water,  with  ever  nuayaufig 
diameter  and  ever  decreasing  force.  We  notice  also  that  as  a  wave 
moves  onward,  the  water  rises  as  the  wave  meets  it,  falling  afterwards, 
rising  with  the  next  wave,  and  so  on,  and  we  may  notice  that  the 
grater  through  which  the  wave  passes,  does  not  move  on,  though  thfl 
wave  does.  A  cork  floating  on  the  water  bobs  up  and  down,  as  it 
forms  the  crest  or  the  trough  of  the  wave,  but  remains  practically 
stationary,  unless  it  is  carried  on  by  a  tide  or  river  current. 

The  Ether 

The  ether  is  the  substance  which  is  supposed  by  scientists  to 
pervade  -ill  ^pace.     It  is  the  substance,  the  3ea  it  may  be  termed,  in 
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which  our  earth,  our  sun  and  the  other  planets,  and  the  other  worlds 
we  call  heavenly  bodies,  are  all  floating.  Further,  the  ether  is  all 
pervading.  It  not  only  fills  the  space  between  the  planetary  and 
other  celestial  bodies,  but  it  is  present  in  every  substance.  Every 
substance,  as  we  know,  is  more  or  less  porous.  We  are  familiar  with 
the  fact  that  a  sponge  holds  water  in  its  pores.  All  substances,  and 
all  bodies,  are  porous  in  a  similar  sense,  to  the  ether.  The  waves  by 
which  heat  is  transmitted,  and  the  waves  by  which  the  presence  of  beat 
is  denoted,  pass  through  the  ether,  not  only  in  coming  from  the  sun 
to  us,  but  in  the  ether  held  in  every  substance.  Thus,  when  we  say 
that  a  body  is  heated  to  a  certain  temperature,  as  the  author  under- 
stands it,  we  mean  that  a  certain  wave  motion  is  going  on  in  the 
ether  held  in  the  ethereal  pores  of  that  body.  According  to  the 
modern  view,  all  heat  comes  to  us  from  the  sun.  The  earth  itself 
contains  a  certain  quantity  of  heat  in  its  substance,  but  this  also 
originally  came  from  the  sun,  inasmuch  as  modern  views  suppose  that 
the  earth  and  the  other  planets  originally  formed  parts  of  the  body  of 
the  sun,  and  vara  thrown  out  by  him  at  various  times,  the  different 
portions  that  have  since  become  different  planets  having  gradually 
cooled  as  they  whirled  through  apace.  A  certain  quantity  of  heat 
reaches  us  from  the  other  planets  of  the  solar  system,  and  from  the 
myriads  of  other  worlds  to  be  seen  through  a  telescope,  and  the  other 
myriads  that  are  still  invisible  to  the  most  powerful  telescope ;  but 
the  sum  of  the  heat  which  reaches  us  from  all  of  these  is  but  a  small 
fraction  of  that  coming  to  us  daily  from  the  sun,  and  we  may  there- 
fore say  that,  for  practical  purposes,  all  heat  comes  to  us  from  the  s 
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Heat  waves  have  certain  properties,  and  they  are  closely  alii 
to  light  waves.  If  we  take  a  diagram  of  the  spectrum,  in  which 
the  lengths  of  the  waves  of  heat  and  different  forms  of  light  are 
shown,  we  shall  notice  that  heat  waves  are  longer  than  light 
waves,  but  in  every  other  respect  they  are  similar.  What  appeaxB 
to  our  senses  as  white  light,  as  we  know,  is  made  up  of  a  number 
of  colours,  as  shown  in  the  rainbow,  and  that  can  be  produced 
by  passing  a  ray  of  light  through  a  glass  prism.  As  we  know, 
in  the  rainbow  and  in  the  spectrum  produced  by  the  glass  prism, 
the  prismatic  colours,  as  they  are  called,  run  from  left  to  right  as 
follows.  Red  on  the  extreme  left,  violet  on  the  extreme  right,  yellow 
in  the  middle,  orange,  green,  blue  occupying  intermediate  positions. 
The  wave  lengths  of  the  red  rays  are  approximately  twice  that  of  the 
violet  rays,  and  consequently  the  rate  of  motion  of  the  violet  rays  is 
twice  that  of  the  red  rays.  The  figures  are  33,^0  inch  for  the  red 
a  for  the  violet  rays.     Outside  of  the 
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It  11  further  to  the  left  of  the  spectrum,  heat  rays  are  present,  known 
sometimes  as  the  infra  red  rays,  and  sometimes  as  the  dark  or  invisible 
rays.  They  are  the  heat  rays  of  which  we  are  sensible  when  emanating 
from  a  black  heated  body,  such  as  a  hot  kettle,  or  saucepan,  or  poker. 
The  waves  of  these  rays  are  longer  than  the  red  rays,  and  have  a 
slower  rate.  To  the  right  again  of  the  violet  rays,  there  is  another 
.^pace  occupied  by  invisible  rays,  whose  wave  length  is  shorter 
than  that  of  the  violet,  and  whose  period  is  higher.  These  waves  are 
known  as  the  actinic,  or  chemical  rays,  from  the  properties  which 
they  possess.  It  is  the  violet  and  the  ultra  violet  rays,  as  they  are 
sometimes  called,  that  are  so  useful  in  photography,  and  that  are  so 
troublesome  to  the  housekeeper  at  times  in  destroying  the  colours  of 
fabrics  used  in  furniture.  The  waves  comprised  in  the  whole  range 
of  the  spectrum,  and  the  portions  mentioned  beyond  the  spectrum, 
have  other  important  properties.  They  are  capable  of  reflect  [on, 
refraction,  and  polarization. 

We  all  know  what  is  meant  by  reflection.  We  all  make  use  of 
ii.  when  we  look  in  a  minor.  The  light  rays  imping  on  our  bodifiR, 
are  reflected  Crom  them  to  the  mirror,  and  reflected  out  again  to  our 
eyes,  and  we  see  the  reflected  image  of  ourselves  in  the  minor. 
Light  rays  are  reflected  by  plane  mirrors  in  this  manner,  and  in 
accordance  with  a  certain  law,  viz.  the  angle  of  incidence  =  the  angle 
of  reflection.  That  is  to  say,  the  angle  which  the  impinging  ray 
makes  with  the  plane  of  the  mirror  is  equal  to  the  angle  which  the 
ray  passing  out  makes  with  it. 

Heat  rays  are  reflected  by  plain  metallic  and  certain  other  sub- 
stances, in  the  same  manner  as  light  rays  are  reflected  by  mirrors, 
and  follow  the  same  laws. 

Heat  and  light  rays  are  also  reflected  by  curved  surfaces,  the 
reflections  following  the  same  law  that  has  boon  given  above,  the 
angle  of  incidence  being  equal  to  the  angle  of  reflection,  and  this 
leads  to  the  divergent  rays  impinging  upon  concave  surfaces  being 
in Mi^ht  together  in  one  point  known  as  the  focus.  This  fact  is  of 
importance  in  certain  cases. 

Heat  and  light  rays  are  also  refracted.  That  is  to  say,  they  are 
bent  in  passing  through  different  substances.  Every  substance  offers 
a  certain  resistance  to  the  passage  of  both  heat  and  light  rays,  and 
Bfail  resistance  apparently  leads  to  alteration  in  the  direction  of  the 
raya  in  different  media.  The  alteration  in  the  direction  or  the 
bending  is  different  for  the  different  waves.  The  waves  of  shorter 
length  are  bent  less.  The  law  is  as  follows.  The  incident  and 
refracted  rays  are  in  the  same  plane  as  a  normal  to  the  surface  upon 
which  the  ray  impinges,  and  the  sines  of  the  angles  of  inclination  of 
thfl  two  rays  are  in  a  constant  ratio,  for  the  same  wave  length,  and 
the  same  media.     This  constant  ratio  ia  called  the  refractive  index. 
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When  a  ray  of  heat  or  light  passes  from  a  rarer  into  a  denser  medium, 
the  angle  of  refraction,  the  angle  which  the  refracted  ray  makes  with 
the  normal  to  the  common  surface  is  less  than  the  angle  of  inci- 
dence, the  angle  which  the  impinging  ray  makes  with  the  normal  to 
the  surface,  and  vice  versa. 

Polarization  need  not  trouble  us  ;  it  merely  means  the  property 
which  certain  crystals  have,  when  cut  in  a  certain  way,  of  stopping 
certain  rays.  Tho  only  point  to  note  is  that  all  the  properties  of 
reflection  and  polarization  are  common  to  both  heat  and  light  rays. 


Temperature 

Temperature  is  in  heat,  what  pressure  is  in  mechanics,  and 
electricity.  Heat  passes  from  a  higher  to  a  lower  temperature,  just 
as  electricity  does  from  a  higher  to  a  lower  pressure,  and  just  as 
a  weight  falls  from  a  higher  to  a  lower  level.  There  are  three 
scales  by  which  heat  is  measured,  known  respectively  as  the 
Fahrenheit,  Centigrade,  and  Reaumur.  The  Reaumur  scale  is  not 
now  often  seen  or  used  iu  calculations,  but  Fahrenheit  and  Centi- 
grade nre  in  constant  use.  The  Fahrenheit  may  be  taken  to  be 
the  scale  employed  more  in  everyday  life ;  the  Centigrade,  that 
used  in  scientific  calculations.  The  Centigrade  thermometer  is 
also  sometimes  known  as  the  Celsius— Celsius,  Fahrenheit,  and 
Reaumur  being  the  introducers  of  the  respective  scales.  All  of  the 
scales  are  based  upon  two  well-known  fixed  points  of  temperature, 
viz.  that  at  which  ice  commences  to  melt  into  water,  and  that  at 
which  water  commences  to  form  steam,  both  being  at  tho  barometric 
pressure,  29*96  inches,  that  is  used  in  all  standard  calculations,  and  at 
sea-level.  As  will  be  seen  later,  the  boiling-point  of  water,  the  tempe- 
rature at  which  it  commences  to  form  steam,  varies  with  the  pressure 
to  which  it  is  subject.  In  the  Centigrade  scale,  the  temperature  at 
which  ice  commences  to  melt,  or  the  freezing-point  of  water,  as  it  is 
usually  expressed,  is  taken  |as  0°,  and  the  temperature  at  which 
steam  commences  to  form  water  is  taken  at  100° ;  hence  the  name  of 
the  scale.  In  the  Fahrenheit  scale,  the  freezing-point  of  water  is 
taken  at  32°,  and  the  boiling-point  of  water  at  212°.  In  the  Reaumur 
scale,  the  freezing-point  is  taken  as  0°,  and  the  boiling-point  as  80°. 
In  each  of  the  scales  the  intervals  between  the  two  points  are  equally 
divided — in  the  Centigrade  into  100  parts,  in  the  Fahrenheit  into  180 
— the  scale  being  extended  downwards  to  0 — and  in  the  Reaumur 
into  80,  each  division  in  each  scale  being  called  a  degree,  though 
neither  of  the  divisions  of  the  thermometric  scales  have  any  connec- 
tion with  the  divisions  of  a  circle,  which  are  also,  it  will  be  remem- 
bered, called  degrees. 
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Absolute  Temperature 

As  will  be  seen  when  dealing  with  air  ami  other  gases,  it  in  found 
Chat  gases  expand  and  contract  at  a  certain  definite  rate  for  each 
degree  of  rise  or  fall  ol  temperature,  suoh  that  at  a  certain  number  of 
degrees  below  the  freezing-point  of  water,  if  it  could  be  produced, 
they  would  cease  to  exist,  the  volume  being  nil.  This  point,  which 
is  273°  below  0°  on  the  Centigrade  scale,  or  -  273°  C,  and  493°  on  the 
Fahrenheit  scale  below  freezing-point,  or  461°  below  0°,  or  —  461°  F.. 
is  known  as  the  absolute  zero,  and  all  calculations  are  made  from  this 
point.  In  dealing  with  the  working  of  gases,  steam,  etc.,  it  will  very 
often  be  necessary  to  refer  to  the  absolute  temperatures,  as  the  expan- 
sions and  contractions,  the  passages  of  heat  from  point  to  point,  and 
from  surface  to  surface  are  controlled  by  the  difference  in  the  absolute 
temperature.  The  absolute  temperature  is  found  in  the  two  scales 
by  adding  273  for  Centigrade  and  461  for  Fahrenheit,  to  the  readings 
of  the  scale.  The  following  formula?  will  be  useful  for  converting 
Centigrade  temperatures  to  Fahrenheit,  and  Fahrenheit  to  Centi- 
grade:— 

F.  =  1-8  C.  +  32  0.  =  (8)  F.  -  32 

where  C.  is  the  number  of  degrees  Centigrade  and  F.  the  number 

Fahrenheit, 


Measurement  of  Temperatures 

For  measurement  of  the  lower  temperatures,  the  mercurial  ther- 
mometer, made  in  various  forms,  is  sufficient,  but  for  higher  tempera- 
ture! than  500°  F.,  special  forma  of  apparatus  have  to  be  employed, 
and  in  boiler  work  temperatures  as  high  as  3000°  F.  may  have  to  1": 
measured.  The  mercurial  thermometer  made  for  ordinary  domestic 
use  is  rarely  arranged  to  road  temperatures  above  120°.  It  is  only 
used  for  indicating  the  temperature  of  the  air  of  rooms,  or  of  water 
for  baths.  For  Turkish  baths  and  for  the  temperatures  of  boiling 
water  under  ordinary  atmospheric  pressure,  the  Fahrenheit,  or  prefer- 
ably the  Centigrade  thermometer,  graduated  to  a  few  degrees  above 
boiling-point,  answer  all  purposes.  For  higher  temperatures  i 
up  to  500°  F.,  the  Centigrade  thermometer  having  a  scale  graduated 
up  to  500°  will  answer  the  purpose.  But  mercury  boils  at  676°  C, 
and  at  temperatures  over  500°  C.  it  is  unsuitable  for  measurements, 
unless  special  arrangements  are  made.  It  can  still  be  employed  fox 
temperatures  up  to  800°  F.  by  the  employment  of  a  simple  device, 
the  utility  of  which  will  be  recognized  from  what  is  said  later  in  the 
book,  about  boiling-points  and  pressures  to  which  the  surfaces  of 
the    liquids  are  exposed.      For  the    higher   temperature   mercurial 
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thermometer,  a  certan  quantity  of  nitrogen  gas  is  included  in  the  iu 
above  the  mercury.  Nitrogen,  it  will  be  remembered,  has  no  chemical 
effect  upon  mercury.  As  the  mercury  rises,  when  expanding  in  the 
presence  of  heat,  the  rising  column  compresses  the  nitrogen  gas  above 
it,  and  producing  thereby  a  gradually  increasing  pressure  upon  the 
surface  of  the  mercury,  raises  the  boiling-point  of  the  hitter,  ami 
■  itMes  mercury  to  be'employed  up  to  800°  F.  After  800°  F.  the 
are  three  methods  that  may  be  employed — the  melting-points 
different  substances,  the  expansion  pyrometer,  and  the  thermo-electri 
pyrometer.  In  the  following  table  the  melting-points  of  differen 
substances  employed  in  the  measurement  of  temperatures  is  given, 
and  makers  of  thcrmometric  and  pyrometric  apparatus  supply  seta 
of  the  substances,  arranged  in  convenient  forms  for  placing  in  the 
path  of  the  gases  or  air,  or  in  the  space  whose  temperature  is  to 
measured. 


TABLE  I. 

Al-FBOXIMATG    MfcLTUTG-POlKTB   OF   METALS   (SnilX*IXfG    Boif.tifl  CO.), 

2823°  Fahr. 

2600"  „ 

3400'**  „ 

2200°  „ 

2000°  ,, 

1970°  ., 

1700°  „ 

764*  „ 
„ 

618°  „ 

5"'  .. 

447°  .. 

zvatr  „ 

2056°  „ 

1788°  ,. 

1172^  ,. 


Wrought  iron  niellfi  at  about 
Stool  (low  carbon) 

,,      (high  carbon) 
C»»t  iron  (white) 

I    op["T 

5  us-metal 

Ziac 

Antimonv 

I  ,wl 

Bismuth 

h;i 

Platinum 

Gold 

Bihar 

Aluminium 


The  Expansion   Pyrometer 

The  expansion  pyrometer  depends  upon  the  unequal  expansion 
brass  and  iron,  that  is  referred  to  in  dealing  with  the  expansion  of 
different  substances  in  the  presenee  of  heat.  The  expansion  of  brasa 
is  npproximately  50  per  cent,  greater  than  that  of  iron,  the  coeffiri'Miis 
of  linear  expansion  being  for  iron,  from  0*00000556  to  000000648,  and 
Par  brass,  from  000000957  to  000001052.  With  low  temperatures, 
though  the  difference  in  the  rate  of  expansion  of  the  two  metals  some- 
times leads  to  inconvenience,  the  difference  in  any  small  length  of  the 
two  is  not  great,  but  with  high  temperatures  of  1500°  F.  and  abov< 
the  difference  is  considerable,  and  this  fact  is  taken  advantage  of  ii 
tin  n instruction  of  the  expansion  pyrometer.    The  apparatus  consists 


of  an  iron  pipe  closed  at  one  end,  and  having  a  brass  rod  held  inside 
the  pipe,  and  fixed  at  the  closed  end.  The  other  end  of  the  brass  rod 
is  free  to  move,  and  is  connected  to  multiplying  gear,  actuating  a 
pointer  moving  over  a  dial,  ao  that  the  difference  in  the  expansion 
of  the  brass  and  iron,  which  measures  the  increase  of  temperature,  is 
read  off  on  the  graduated  dial,  the  dial  being  carefully  calibrated  for 
the  purpose.  The  apparatus  is  not  very  much  used,  as  it  requires 
considerable  skill,  and  is  somewhat  sluggish  in  action,  and  further, 
because  the  early  indications  obtained  from  it,  with  the  first  changes 
of  temperature,  are  in  the  reverse  direction  to  the  changes  of  heat 
actually  taking  place,  this  being  due  to  the  fact  that  the  iron  pipe 
shields  the  brass  rod  to  a  certain  extent — the  air  space  between  it 
and  the  brass  rod  being  a  bad  conductor,  the  iron  pipe  becomes  heated 
more  quickly  than  the  brass ;  and  on  the  other  hand,  it  cools  more 
quickly  than  the  brass  rod  when  the  temperature  is  falling,  lor  the 
same  reason,  its  surface  being  directly  exposed  to  radiation. 

Thermo-electric   Pyrometers 

Tho  thermo-electric  pjTometer  is  rapidly  taking  the  place  of  all 
others,  for  the  measurement  of  all  ranges  of  temperature,  except 
those  that  are  conveniently  measured  by  the  mercurial  thermometer, 
and  for  which  no  particular  accuracy  is  required.  The  apparatus  is 
made  in  various  forms,  some  depending  on  the  principle  that  the 
electrical  resistance  offered  by  a  given  length  of  wire  of  a  particular 
metal,  increases  in  a  definite  ratio  with  every  degree  of  increase  of 
temperature;  and  others  upon  thermo-electrioity.  For  the  resist- 
ance apparatus,  the  metal  usually  employed  is  platinum,  occasion- 
ally platinum  alloyed  with  iridium,  or  one  of  the  more  refractory 
metals.  It  will  be  understood  that  whatever  the  apparatus  employed 
is,  it  must  itself  bo  able  to  withstand  the  highest  temperatures  it  is 
required  to  measure,  without  changing  its  physical  condition  in  such 
u  manner  as  to  vitiate  tho  measurements.  A  short  length  of  a  fine 
['l:i(i:ium  nr  platinuiii-iridium  wire  is  held  in  a  convenient  receptacle 
of  highly  refractory  material,  such  as  porcelain  that  has  been  fired  at 
a  very  high  temperature.  The  ends  of  the  platinum  wire  are  con- 
nected, outside  of  the  heat  zone,  to  copper  wires  leading  to  the  electrical 
measuring  apparatus.  The  measuring  apparatus  is  usually  arranged 
in  the  form  of  a  dial,  upon  which  the  temperatures  are  read  off  directly, 
a  pointer  moving  over  the  dial.  The  dial  is  really  a  galvanometer, 
1< uming  part  of  an  electric  circuit.,  in  which  is  included  a  battery  of 
known  pressure  and  resistance.  The  instrument  is  calibrated  at  a 
D  standard  temperature,  say  32°  F.,  the  temperature  of  melting 
i .  ■  |  As  the  temperature  to  which  the  platinum  wire  is  exposed 
increases,  the  resistance  of  the  platinum  wire  also  increases,  and  the 
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strength  of  the  current  passing  in  the  electric  circuit  and  through  the 
coils  of  the  galvanometer  decreases,  the  pointer  on  the  galvanometer 
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Pio.  1.— Diagram  of  the  Connections  of  Crompton's  Thermo-Eleotric  Pyrometer. 
C  is  a  Tube  protecting  the  Thermo  Couple  of  Nickel  and  Steel,  a  Nickel  Bod 
being  inside  a  Steel  Tube,  but  not  touching  it.  The  two  are  connected  together 
at  the  fi to  end  and  their  ends  connected  to  the  Circuit,  at  the  other  end.  N,  N,  N 
and  S,  8,  S  are  connecting  wires.    A  is  the  galvanometer. 

LEADS  TO 

INSTRUMENT 


Fio.  2. — Crompton's  Thermo-Electric  Pyrometer  arranged  to  be  inserted  in  a  Pocket 
in  a  Steam  Pipe,  to  take  the  Temperature  of  the  Steam  in  the  Pipe. 
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Fio.  8. — The  arrangement  of  Crompton's  Thermo-Eleotric  Pyrometer  for  taking  the 
Temperature  of  a  Furnace  or  Flue. 

moving  over  the  dial  in  unison  with  the  decrease  of  current  passing 
through  its  coils,  and  the  increase  of  temperature.    Convenient  points 
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are  taken,  say  at  212°,  300°,  400°  and  so  on,  up  to  the  highest  tempe- 
the  appartus  is  intended  to  measure.     In  the  thermo-electric 
itufl  ;i  thenno-elfi    i  -pie  takes  the  place  of  the  resistance 

wire,  one  junction  being  in  the  refractory  tube,  and  the  other  outside. 
The  difference  of  electrical  pressure  created  in  the  couple  furnishes 
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Fiu.  4. — Bristol's  Thermo- Electric  Pyrometer  an  arranged  for  taking  tbc  Tempera- 
ture of  a  Bath  of  Metal,  or  a  Furnace  or  Flue, 

the  indications  of  temperature,  which  are  read  off  on  a  sensitive  roltl- 
meter.  Fig.  1  is  a  diagram  of  the  connections  of  Crompton'9  thermo- 
electric pyrometer.  Fig.  2  shows  the  apparatus  arranged  to  take  the 
temperature  iu  a  steam  pipe,  and  Fig.  3  that  for  a  furnace  or  flue. 
Fig.  4  shows  the  Bristol  thermo-electric  pyrometer. 

Entropy 

The  term  "  entropy  "  has  oaly  been  introduced  within  recent  years, 
Ud  IB  not  often  used  at  the  present  time  in  calculations,  except  in 
ific  papers  and  articles.  The  author's  view  is  that  the  measure- 
ment of  heat  and  its  operation  has  not  sufficiently  advanced  to  enable 
much  use  to  be  made  of  entropy.  There  is  no  law  in  connection  with 
the  measurement  of  heat  similar  to  Ohm's  law  in  electricity.  Entropy, 
as  the  author  understands  it,  is  the  second  factor  required  to  make  up 
the  energy  expended,  transmitted,  or  transformed,  in  any  heat  operation. 
The  measurement  of  any  form  of  energy  requires  two  factors,  A 
ut  suspended  at  a  height  above  the  ground  is  possessed  of 
potential  energy,  in  virtue  of  its  own  weight  and  its  height  above  the 
ground,  and  the  kinetic  energy,  the  work  it  will  perform  in  fall 
the  ground,  is  the  product  of  those  two  quantities.  Similarly  in 
electricity,  the  energy  that  a  given  generator  will  transmit  is 
measured  by  the  product  of  the  current  it  is  capable  of  furnishing, 
multiplied  by  the  pressure  at  which  the  current  is  delivered  to  the 
cables  employed  in  transmitting  it.  Similarly,  it  appears  to  the 
author,  the  energy  involved  in  any  operation  where  heat  is  employed 
is  measured  by  the  two  quantities,  temperature  which  is,  as  explained, 
virtually  the  pressure,  and  entropy. 

Transmission  of  Heat 

It  is  usual  to  say  that  heat  is  transmitted  by  three  processes, 
radiation,  conduction,   and  convection.     To  the  author's  mind    the 
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three  are  really  different  forms  of  the  samo  thing — conduction, 
modified  by  the  conditions  under  which  the  heat  is  being  transmitted. 
Whenever  any  body  is  at  a  higher  temperature  than  surrounding 
bodies,  it  attempts  to  deliver  a  portion  of  its  heat  to  the  surrounding 
bodies,  and  will  continue  to  do  so  until  their  temperature  is  the  same 
as  its  own,  their  temperature  being  raised,  and  its  temperature  being 
lowered  in  the  process.  It  follows  that  a  heated  body  suspended,  say 
in  air,  sends  out  heat-waves  in  nil  directions,  and  this  is  what  is 
known  as  radiation,  a  "  ray  "  which  wasjdealt  with  when  explaining 
refraction  and  reflection,  being  a  pencil  consisting  of  a  minute 
portion  of  a  succession  of  waves,  the  ray  extending  in  a  straight 
line  from  the  heated  body.  Conduction  is  known  as  the  process  by 
which  heat  is  conveyed  from  a  body,  or  a  portion  of  a  body,  at  a 
higher  temperature,  to  the  substances  immediately  in  contact  with  it. 
The  illustration  usually  given  is  that  of  a  poker  having  one  end  in  a 
fire.  The  end  in  the  fire  becomes  heated,  and  transmits  its  heat 
from  that  portion  in  the  fire  to  that  next  outside,  this  portion  trans- 
mitting its  heat  in  its  turn  to  the  portion  next  outside  of  it,  and  so 
on,  the  heat  travelling  through  the  length  of  the  poker,  and  if  time 
be  given,  the  outer  end  of  the  poker  becoming  very  hot,  the  heat  in 
this  case  being  transmitted  through  the  successive  portions  of  the 
poker  by  contact.  Conduction  also  takes  place  from  any  heated 
body,  such  as  a  ateam-pipe,  or  the  outside  of  the  cylinder  of  a  steam- 
engine,  to  the  air  that  is  in  contact  with  it,  but  the  molecules  of  air 
being  free  to  movo  among  themselves,  and  being  expanded  when 
heat  is  delivered  to  them,  tend  to  move  away  from  the  heated  Burfjice, 
under  the  forces  of  expansion,  and  the  pressure  of  the  colder  mole- 
cules of  air  surrounding  them,  the  result  being  that  a  fresh  quantity 
of  air  reaches  the  heated  surface,  is  heated  and  expanded  in  its  turn, 
moves  away,  and  gives  place  to  another  body  of  air,  and  so  on. 
Practically  the  same  action  takes  place  with  water,  and  is  known 
aa  convection.  It  is  the  method  by  which  heat  is  distributed  in 
rooms  and  places  where  the  air  is  in  motion,  and  in  boilers  and 
other  [vessels  where  water  or  other  liquids  are  being  heated.  It 
will  Vie  seen,  however,  that  the  process  of  convection  is  really  con- 
duction, with  the  subsequent  action,  caused  by  the  expansion  of  the 
gas  or  water  in  contact  with  the  heated  body. 

Air  and  gases  are  bad  conductors  of  heat;  the  metals  are  all  good 
conductors ;  and  it  is  sometimes  said  that  air  is  transparent  to  what 
is  known  as  radiant  heat.  By  radiant  heat  the  author  understands 
the  heat-waves  which  pass  outwards,  or  radiate,  from  a  heated  body, 
and  as  he  understands  the  matter,  air,  nitrogen  and  oxygen  are 
apparently  transparent  to  the  heat-waves,  because  they  are  very 
deficient  in  another  property,  viz,  that  of  absorption  of  heat.  All 
substances  absorb  heat  when  heat-waves  are  delivered  to  them,  but 
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in  very  different  ratios,  and  the  gases  of  wbich  air  is  composed  have 

especially  low  absorbing  values.      According  to  the  late  Professor 

1.  carbonic  oxide  and  carbonic  acid  have  absorbing  values  at  the 

ordinary  atmospheric  pressure  uinety  times  as  great  as  that  of  either 

txygen,   nr  nitrogen.     All  substances  vary  in  their  ability  to 

conduct  heat  in  the  sense  given  above,  as  illustrated  by  the  heated 

point.     The  metals  are  the  best  conductors,  silver  being  t lie  best 

metals,  and  copper  standing  very  high.     The  following  tabic 

gives  the  relative  khermaJ  conductivities  of  different  metals. 

TABLE   II. 

TiDi-E  or  Rexjotvs  Cohdcctivk  Poweks  or  Metal  EarriAirnu  iw  Steak 

Aitabatts,  Silver  beiso  takes  as  the  Stasdahd, 


Silrer. 

OeppOE 

Braes 


1000  Zinc 

77-6  Tin 

33-0  Iron 


199 

14-6 
17*0 


Stool    . 

Load 

Platinum 


12-0 
tt-6 
8-3 


As  in  electricity,  the  substances  naturally  divide  into  thermal 
conductors  and  thermal  insulators,  the  former  being  employed  when 
required  to  transmit  heat  freely,  as  in  the  case  of  boiler-tul^s 
and  boiler-flues,  where  conduction  is  required  from  the  hot  gases  to  the 
water;  the  latter  being  employed  when  it.  \>  ilrsiird  to  prevent  the 
escape  of  heat,  as  in  the  substances  with  which  steam-pipes  and 
Mlers  are  covered.  The  following  is  a  table  of  thermal  insulators. 
The  table  given  in  this  case  is  based  on  the  number  of  B.  Th.  units 
transmitted  per  square  foot  of  surface  per  hour  exposed,  with  the 
insulating  material  1  inch  in  thickness,  lor  each  1°  F.  difference  of 

iperaturc. 

TABLE  III.  <T.oniKz). 


Plaster  (ordinary)        •  -''"'" 
(very  fine)        .         .  4'2 
Brick          .         .         .      1-11-5-5C 
Wood,  fir  (transmission  per- 
pendicular to  fibres)          .  0*75 
Wood,       fir      (transmission 

parallel  to  fibres}     .         .  137 
Wood,  oak  (transmission  per  - 

licular  to  fibres)  ,  1*70 

Ootfc 1-15 

Indiarabher        .         .         .  1-87 

i  percba      .         .         .  1*39 

GUsa  .         .         .      606-710 


Quartz  sand  in  powder  .  2*13 
Briok  dust.  .  .  M&-1-88 
Chalk  in  powder        .    0-694-0-670 


Wood  ash  o« 

.      0-484 

SawdiKt,  mahogany  . 

.     0*684 

Charcoal  powdered    . 

.     0-687 

Coku  powdered. 

.     1*29 

New  calico 

.     0403 

Cotton  or  sheep's  wool 

.     0-323 

Eider  down 

.    0-315 

Mineral  wool    . 

0-33-0-47 

Hair  .'.It  . 

.     040 

Thermal  conductivity  is  defined  by  scientists  as  the  ratio  of  rate 

of  transmission   of  he.it,  through   the  substance  in  question,  to  the 

raturo  gradient.     The  rate  of  transmission  is  proportional  to 

the  temperature  gradient,  and  is  the  quantity  of  heat  transmitted  in 

unit  time,  through  unit  area  of  cross  section  of  the  substance,  the 
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unit  cross  section  being  perpendicular  to  the  lines  of  flow  of  the  heat. 
By  the  temperature  gradient  is  meant  the  gradual  fall  of  tempera- 
ture between  the  two  surface?,  one  of  which  is  at  a  higher  tempera- 
tnre  than  the  other.  The  following  formula  is  given  for  the  rate  of 
transmission  of  heat : — 

Rate  of  transmission  -™  =  k(Q'  —  lf')r 

where  Q  is  the  quantity  of  heat  transmitted  through  the  sectio 
area  A  in  time  T,  and  k  is  the  conductivity,  x  the  thickness  of 
substance,  aud'tf  —  6"  the  temperature  gradient.  For  practical  p 
poses  the  rale  of  transmission  of  heat  between  any  two  surfaces  may 
be  taken  to  be  proportional  to  tho  difference  of  temperature  between 
the  two  surfaces,  to  the  area  of  the  surfaces,  ami  to  the  thermal  con* 
duciivity  of  the  substances  interposed  between  them,  or  inversely  to 
the  thermal  resistance  of  the  interposed  substance. 
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Thermal  Conductivity  of  Finely  Divided 
Substances 


It  had  better  be  noted  here  that  the  thermal  conductivity  of  any 
substance,  in  a  finely  divided  state,  is  very  low.  The  reason  is,  as 
the  author  understands  the  matter,  when  the  substance  is  in  a  finely 
divided  state,  as  in  a  fine  powder  with  its  particles  loosely  in  con- 
tact with  each  other,  there  are  a  very  large  number  of  minute  air 
spaces  between  the  particles,  and  the.  heat  current,  in  passing  through 
the  substance,  has  to  pass  across  these  minute  air  passages,  which 
offer  a  very  high  thermal  resistance,  providing  that  moisture  is  not 
present.  Dry  air,  when  absolutely  motionless,  is  one  of  the  best 
thermal  insulators.  It  offers  a  very  high  thermal  resistance.  In 
addition  to  this,  the  resistance  offered  by  a  loose  agglomeration  of 
minute  bodies  to  the  passage  of  heat  or  electricity  is  always  high, 
because  there  is  always  a  resistance  set  up  when  any  physical  force 
passes  from  one  substance  to  another.  In  electricity,  what  is  known 
as  contact  resistance  is  always  high,  and  the  same  thing  rides  in  the 
transmission  of  heat 

The  above  is  of  particular  importance  in  connection  with  steam- 
boilers  and  their  accessories,  because  the  finely  divided  particles  of 
carbon,  which  are  built  up  on  the  surfaces  of  flues,  or  on  the  surfaces 
of  the  tubes  of  water-tube  boilers,  and  of  economizers,  and  on  the 
inside  of  chimneys,  reduce  the  efficiencies  of  those  apparatus.  On 
the  other  hand,  the  property  mentioned  is  of  great  value,  where  it 
can  be  applied,  to  prevent  the  egress  of  heat,  say  from  steam-pipes, 
the  surfaces  of  steam-boilers,  etc.  Many  of  the  substances  that  are 
sold  for  insulating  stcam-pipe3  and  steam-boilers,  such  as  silicate 
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otton,  finely  divided  charcoal,  hii<1  others  owe  their  thermal  insu- 
lating value  to  these  propertiee.  The  proporty  occurs  in  another 
furm,  but  with  equal  value,  where  it  can  he  employed,  in  cork. 
Cork  is  built  up  of  a  number  of  very  minute  air  cells,  each  enclosed 
in  a  fine  membrane,  and  uny  heat  passing  through  a  mass  of  cork 
has  to  pass  through  the  air-cells,  and,  as  mentioned  above,  to  pass 
in  succession  from  the  membrane  Co  the  air,  from  the  air  to  the  mem- 
brane again,  and  so  on. 

Specific  Heat 

Specific  heat  is  the  ratio  between  the  quantity  of  heat  required  to 
raise  the  temperature  of  1  lb.  of  any  substance  1°  F.,  compared  with 
that  required  to  raise  the  temperature  of  1  lb.  of  water  at  39°  F.  to 
403  F.,  oV  F.  being  the  greatest  density  of  water. 

The  British  Thermal  Unit- — The  specific  heat  of  water  is  taken 
as  1,  and  what  is  known  as  the  heat  unit,  or  the  B.  Th.  unit,  is  the 
quantity  of  heat  required  to  raise  the  temperature  of  1  lb.  of  water 
from  39°  F.  to  40°  F.  The  table  gives  a  list  of  the  specific  heats  of  a 
number  of  substances. 

TABLE   IV. 

Specific_ Heats  ov  Variois  Substasces  (Stihuxq  BoiLEa  Co.). 

Soluta. 

Copper 00961 

Gold 008*4 

Wrought  iron      ....  ...  0HB8 

Cast  iron    .         .  01298 

Steel  (aoft).         .  0-1165 

„     (bard) 01175 

Zino  ...  0006G 

Bra*a 00889 

GUsa 0-1937 

Lead 0-0314 

Platinum 00824 

Silver  ........  00670 

Tin 006(12 

Ice 06O40 

Sulphur U'JO-JG 

Charcoal 02410 

Liquids. 

Water 1-0000 

Alcohol 0-7000 

Mercury 0083H 

Benzine 04300 

QWoeriiM 06660 

Lead  (molted) 0-0402 

Sulphur  (melted) 0-2340 

Tin  (melted) 0-0637 

sulphuric  acid 0*8350 

Oil  of  lurucmiae 0  4200 
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Gates. 


At  ooniUni 

Atconnfent 

prcwurc. 

volume. 

Air  (at  freezing-point) 

.     0-2375 

01665 

01651 

01727 

.      8*4090 

24123 

Superheated  steam  * 

.     0*4805 

0-346 

Carbon  monoxfde  (CO) 
„       dioxide  (COJ 

.     0-2479 

01768 

.     0-2170 

01635 

Olcfiont  gaa 

.     01040 

0173 

Blast-furnace  gas 

.     0-2277 

Chimney  gason  (approx.)    . 

.     0*240 

The  absolute  unit  of  heat  is  the  calorie.  It  is  the  unit  based 
upon  the  centimeter-grainme-second  system  of  units,  and  is  the 
quantity  of  heat  required  to  raise  the  temperature  of  1  gramme  of 
water  from  4°  C.  to  5°  O.,  and  is  equal  to  0*00396  British  Thermal 
Units.     The  British  Thermal  Unit  is  usually  written  B.  To.  U. 

In  France  and  on  the  Continent,  where  the  centimeter-gramme- 
second  system  is  employed,  another  unit,  the  great  calorie,  is  used. 
This  is  the  quantity  of  heat  required  to  raise  1  kilogramme  (1000 
grammes)  =  H'2  lbs.  of  water  from  4°  C.  to  5°  (J.  The  great  calorie 
is  =:  3-968  B.  Tli.  units. 

The  specific  heat  of  most  substances  varies  with  the  temperature, 
that  of  water  increasing  with  the  temperature ;  the  specific  heat  of 
water  increases  from  TO  at  the  point  of  greatest  density,  to  1013  at 
212°  F.,  and  to  10364  at  356°  P„  and  10563  at  4463  F.  But  for  all 
practical  purposes  the  specific  heat  of  water  is  taken  as  unity, 
throughout  the  range  of  temperature  employed  in  boiler  work.  The 
following  table  gives  the  specific  heats  of  the  principal  substances 
employed  in  connection  with  steam  : — 


TABLE    V. 

Aluminium 

.     0'21S1 

Coal  (bituminous)     .     0*2777 

Antimony 

.     0-0SO3 

„     (anthracite)       .     0*2017 

Brass       . 

.     0-0939 

Glass 

.     0-1977 

Copper     . 

.     00961 

Olive  oil  . 

.     0-3090 

Iron  (east) 

n    (wrought) 
Lead 

.     0-1208 

Air. 

.     0-9669 

.     0-1188 
.     0-0314 

Oxygen    . 
Hydrogen 

.     003ft! 
.     3*2936 

Nickel      . 

.     0-1066 

Nitrogen . 

.     0-2754 

Steel 

.     0-1166 

Carbonic  acid 

.     0*2210 

Tia. 

,     00562 

„        oxide 

.    0-2884 

Zinc 

.     00956 

Wood  (oak) 

M        (fir) 

.     0-670 

Brickwork 

.     0-20 

.     0-650 

Limestone 

.     02174 

•  The  specific  beat  of  superheated  steam  is  variable. 
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The  Mechanical  Equivalent  of  Heat 

The  first  law  of  .thermo -dynamics  states  that  heat  and  mechanical 
work  are  interchangeable,  and  the  classical  experiments  of  Joule, 
confirmed  later  by  numerous  other  experimenters,  has  shown  that 
the  B.  Th.  unit  has  a  definite  mechanical  equivalent.  That  is  to 
si\,  the  energy  present  in,  op  delivered  by,  1  B.  Th.  unit,  has  its 
definite  equivalent  in  mechanical  energy.  Joule  inado  the  equivalent 
772  foot  lbs.,  but  later  experimenters — Rowland  of  Baltimore  in 
particular — have  made  it  77S  foot  lbs.,  and  the  latter  figure  is  that 
which  is  taken  for  calculation  at  the  present  time.  The  meaning  of 
the  mechanical  equivalent  of  heat  is,  that  when  heat  is  dolivored  to 
waUir,  in  the  process  of  converting  it  into  steam,  or  is  delivered  to 
steam  to  raise  it  to  a  higher  temperature,  the  ability  is  conferred 
upon  the  steam  of  performing  mechanical  work,  just  as  the  ability  is 
conferred  upon  a  weight  of  performing  work,  by  raising  it  above  the 
BUT&ee  of  the  earth,  and  the  work  done  by  steam  in  cooling,  is 
directly  proportional  to  the  heat  it  loses  in  the  process,  as  measured 
by  the  mechanical  equivalent. 

The  Rate  of  doing  Work 

The  unit  of  mechanical  work  is  the  foot  lb.,  the  work  that  1  lb, 
will  perform  in  falling  to  earth  from  a  bright  of  1  foot,  or  any 
equivalent  of  this,  such  as  the  work  that  2  lbs.  will  perform  in  falling 
from  a  height  of  6  inches,  £  lb.  in  falling  from  a  height  of  2  ft.,  and 
so  on.  When  work  is  performed  at  the  rate  of  33,000  foot  lbs.  per 
minute,  or  550  fuot  lbs.  per  second,  it  is  said  to  be  at  the  rate  of 
1  HP.,  that  is  to  say,  the  engine  that  is  able  to  do  work  at  this  rate 
is  supposed  to  be  workiug  at  the  rate  at  which  a  horse  would  work, 
in  drawing  a  load,  or  in  any  other  way.  The  33,000  foot  lbs.,  or  the 
550  foot  lbs.  may  be  in  any  form  in  which  the  two  factors,  the  weight 
and  the  distance  through  which  it  falls,  will  make  up  these  figures 
when  multiplied  together.  Thus  a  weight  of  55  lbs.  falling  through 
a  vertical  distance  of  10  ft.  in  1  second,  performs  work  at  the  rate  of 
1  I  LP.,  and  similarly  5  J  lbs.  falling  through  100  ft.  performs  work  at 
the  same  rate. 

The  B.  Th.  unit,  it  will  be  seen,  is  directly  connected  with  the 
H.P.  from  the  fact  that  it  requires  the  expenditure  of  33,000  4-  77* 
m  42-1  B.  Th.  units  per  minute  to  perform  work  at  the  rate  of  1  H.P.. 
on  the  supposition  that  the  whole  of  the  energy  of  the  heat  is 
converted  into  useful  mechanical  work.  As  will  bo  seen  later  in  the 
book,  tin;  whole  of  the  heat  energy  delivered  to  the  steam  is  never 
converted  into  useful  mechanical  work.  There  are  several  charges 
for  conversion,  etc.,  on  the  way. 
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Expansion  of   Bodies  in  the  Presence  of  Heat 

Nearly  all  substances  expand  with  increased  temperature,  in  a 
certain  definite  ratio,  with  each  degree  of  increase.  The  ratio  is 
known  as  the  coefficient  of  expansion.  The  coefficients  of  expansion 
of  different  substances  are  given  in  the  following  table : — 


TABLE  VI. 

Eiptnsluu  per  1°  P. 

Eipwiskm  per  1#0. 

Aluminium 

.     0-00001 23-1 

0-00002231 

Bmi 

.      0-00000957  to  0-00001052 

0-00001722  to  0-00001894 

Oopper    . 

.     0-00000887 

000001596 

Iron  feast) 
„    (wrought) 

.     00000055G 

000001001 

.     000000626  to  0OO00OG48 

00000112G  to  000001  ICC 

Steel 

.     0O0000686  to  0-000006S9 

0-00001144  to  0-0000124O 

Lead       . 

.    0-00001671 

000002838 

Platinum 

.     0-00000479 

0-00000863 

Tin 

.      0-000011 6H 

000002094 

Ziuo 

.     000001407 

0-00002532 

Cement  . 

.     0-00000604  to  000000707 

000001070  to  000001435 

Concrete. 

.     0-00000795 

O-OOOOHW 

Glass 

.     0.00000897  to  000000499 

0-00000714  to  0<X)00O897 

Granite  . 

.      0-00000438  to  0-00000498 

000000789  to  000000897 

Brickwork 

.     0-00000256  to  000000494 

0-00000460  to  0-00000890 

Porcelain 

.     0-00000300 

000O0006O 

SUto 

.     000000677 

000001088 

Sandstone 

.     0-00000494  to  000000652 

O-0O00O750  to  OOOOOU74 

Wood  (pice) 

.    0-00000276 

000000496 

Water  also  expands  from  the  point  of  greatest  density  to  the 
freezing-point,  and  also  with  increasing  temperature,  the  relative.* 
volumes  being  at  212°  F.  1-0466.  at  300°  1-09563,  at  400°  1-16056, 
and  at  500°  1*2205,  the  volume  at  the  point  of  greatest  density  being 
taken  as  unity.     All  liquids  expand  in  different  ratios, 

Nearly  all  substances  also  contract  on  cooling,  and  this  is  the 
property  that  enables  metals  to  be  cast  in  different  patterns.     A  few 
substances,  such  as  bismuth,  expand  on  cooling,  and  these  are  available 
for  certain  work.    Water  expands  when  frozen.    One  important  poin 
in  connection  with  the  expansion  of  different  substances,  is  the  relati 
rates  at  which  different  substances  expand  with  the  same  inc 
of  temperature.      Where  two   metals,  for  instance,  are  employ 
together  in  a  piece  of  machinery,  and  are  exposed  to  heat,  if  th 
expand  at  different  rates,  the  result  may  sometimes  be  serious ; 
for  instance,  being  formed  in  vessels  containing  hot  substances, 
explosive  gases,  leaks  being  caused  in  valves,  etc. 

Latent  Heat 

A  great  many  substances,  experiment  does  not  enable  us  to 
whether  all  substances,  may  exist  in  one  of  three  states — the  solid. 
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I,  or  the  gaseous.  In  the  solid  state  the  molecules  of  the  sub- 
stance arc  very  close  together,  and  are  not  easily  moved  upon  each 
otb t.  force  being  required  to  separate  thein,  the  force  varying  with 
the  substance;  metals,  and  particularly  iron  and  steel,  requiring  the 
largest  expenditure  of  force  to  rend  them.  In  the  liquid  state  the 
molecules  are  also  close  together,  though  not  as  close  as  in  the  solid 
state,  but  they  are  able  to  move  freely  over  each  other,  and  require 
the  expenditure  of  very  little  force  to  cause  them  to  do  so.  In  the 
gaseous  state  the  molecules,  according  to  the  latest  modern  views,  aro 
very  much  more  widely  separated  than  in  either  the  liquid  or  the 
solid  state,  and  they  are  in  constant  motion.  Gases  and  liquids  are 
both  called  *  fluids"  in  scientific  language,  many  properties  being 
common  to  both  of  them.  The  main  difference  between  the  solid,  the 
Liquid,  &\u\  the  gaseous  state  is  the  presence  or  absence  of  a  certain 
quantity  of  heat.  With  a  great  many  substances,  if  heat  be  applied 
to  a  body  of  the  substance  in  the  solid  condition,  its  temperature  will 
rise,  and  in  many  cases  it  will  soften,  as  the  heat  is  delivered  to  it; 
but  at  a  certain  temperature  it  will  commence  to  pass  into  the  liquid 
condition,  the  temperature  remaining  constant,  till  the  whole  of  the 
substance  to  which  the  heat  is  being  delivered,  has  become  liquid.  If 
heat  is  still  applied,  the  temperature  of  the  liquid  will  again  increase, 
the  liquid  expanding,  as  explained  in  a  previous  paragraph,  until  at 
another  certain  temperature  the  liquid  will  commence  to  pass  into 
the  gaseous  condition,  the  temperature  again  remaining  constant 
until  nil  the  liquid  has  become  gas.  The  most  striking  instance  of 
this,  and  the  one  that  is  of  most  importance  in  connection  with  steam, 
is  that  of  water.  Water  exists  in  the  solid  state  as  ice,  in  the  liquid 
te  as  water,  and  may  be  made  to  exist  in  the  gaseous  state  as  steam, 
the  neighbourhood  of  the  poles,  it  exists  principally  as  ice.  In 
e  tropics  and  in  the  temperate  zones,  it  exists  principally  as  water, 
ut  it  may  be  made  to  exist  as  steam,  and  it  exists  largely  as  vapour 
in  all  latitudes.  If  a  block  of  ice  weighing  say  1  lb.  be  heated,  it 
will  be  found  that  the  temperature  of  the  ice,  which  is  usually  below 
free2ing-point  if  the  ice  is  stable,  will  gradually  rise  to  32°  F.  or  0°  G\, 
$nd  at  that  point  the  ice  will  begin  to  form  water,  and  if  a  thermo- 
metex  be  placed  in  die  melting  mass,  it  should  remain  constant,  at 
-ig-point,  until  the  whole  of  the  ice  has  become  water.  If  a 
measurement  of  the  quantity  of  heat  delivered  to  the  melting  ice  be 
.  it  will  be  found  to  be  exactly  142*4  B.  Th.  units  for  1  lb.  of 
pure  water  ice  melting  to  water.  If  heat  is  applied  to  the  water,  its 
temperature  will  rise  steadily,  until  at  212°  F.  or  100°  C.,at  standard 
barometric  pressures  and  at  sea-level,  the  water  will  commence  to  pass 
into  the  form  of  steam,  and  the  temperature  again  will  remain  at 
213f  V.,  until  all  the  water  has  become  steam.  If  the  quantity  of 
heat  again  be  measured,  it  will  be  found  that  966  B.  Th.  units  have 
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been  absorbed  in  converting  the  1  lb.  of  water  at  212°  into  1  lb.  ad 
steam.  The  heat  required  to  convert  1  lb.  of  water  into  steam 
is  called  the  latent  heat  of  steam,  and  the  quantity  of  heat  required  to 
convert  1  lb.  of  106  at  32*  F.  into  water,  is  the  latent  heat  of  water 
though  the  expression  is  not  often  used. 


The  Variation  of  the  Boiling-point 


iiner 

T. 


Thw  boiling-point  of  every  liquid,  the  temperature  at  which  it  will 
commence  to  pass  from  the  liquid  to  the  gaseous  condition,  varies 
with  the  pressure  to  which  the  surface  of  the  liquid  is  exposed.  For 
standard  calculations,  the  standard  atmospheric  pressure  is  taken, 
ihi.s  being  760  mm.  or  29"962  inches  at  sea-level.  Our  earth,  it 
will  be  remembered,  is  surrounded  by  an  envelope  of  what  we  call 
atmospheric  air,  extending  from  the  surface  to  a  considerable 
height. 

The  atmosphere  contains  what  we  call  air,  consisting  principally 
of  the  two  gases,  oxygen  and  hydrogen,  and  it  also  contains  quantities 
of  the  vapour  of  water — as  will  be  described  more  fully  in  dealing  with 
air — and  other  substances,  such  as  dust  that  rises  from  the  earth, 
meteoric  dust,  the  vapours  of  different  substances  that  arise  from  the 
earth,  particularly  in  manufacturing  districts.  The  air  and  the  other 
substances  all  have  weight ;  a  cubic  foot  of  air  at  the  Stan 
atmospheric  pressure,  and  at  32°  F.,  weighs  003  of  a  lb. 

The  avenge  weight  of  the  column  of  air  supported  upon  a 
surface  of  the  earth  1  square  inch  in  area  is  taJcen  to  be 
14*7  lbs.  The  weight  of  the  column  of  air  above  the  earth's  sur- 
face is  known  as  the  atmospheric  pressure;  14*7  lbs.  per  square 
inch,  is  referred  to  as  a  pressure  of  one  atmosphere.  The  atmo- 
spheric pressure  is  usually  measured  by  the  column  of  mercury  that 
it,  will  support,  in  the  ordinary  vertical  mercurial  barometer.  The 
ordinary  vertical  mercurial  barometer,  which  is  familiar  to  every 
one,  consists  of  a  vertical  tube,  closed  at  the  top,  in  which  a  quantity 
of  mercury  is  placed,  the  lower  end  of  the  tube  dipping  into  a  vessel 
also  containing  mercury,  and  open  to  the  atmosphere.  The  pressure 
of  the  atmosphere  upon  the  mercury  in  the  open  vessel  forces  that  in 
the  tube  upwards,  and  the  height  of  the  mercury  in  the  barometric 
tube  indicates  from  hour  to  hour  the  variation  in  the  pressure  of  the 
atmosphere  or  in  its  weight.  A  glance  at  any  barometric  chart,  such 
as  those  that  are  printed  in  the  columns  of  the  Times  and  other 
papers,  will  3how  that  at  any  particular  place  the  barometric  pressure 
varies  from  day  to  day,  often  by  large  amounts  on  successive  days, 
and  even  within  a  few  hours.     It  also  varies  from  place  to  place,  this 


INTRODUCTORY 


I* 


variation  r>  l  the  vifidl  which  blow  over  different 

countries.     The  variation  in  die  pressure  of  the  atmosphere  at  any 
point  on  the  surface  is  due  to  the  variation  in  the  \  :  the 

atmosphere  above  that  point,  tliis  being  due  again  largely  to  the 
variation  in  the  quantity  of  the  vapour  of  the  water  present  there. 
Every  one  is  familiar  with  th^  Hying,  that  when  the  glass — the 
barometer— is  going  down  we  shall  probably  have  rain,  and  vice  wnd. 
When  the  indications  of  the  barometer  are  low,  it  is  due  to  the  wc 
of  the  atmosphere  at  the  j-oint  where  the  barometer  is  fixed  being  leas 
than  the  normal,  this  again  being  due  to  the  displacement  of  a  certain 
portion  of  the  air  above  by  a  certain  quantity  of  the  vapour  of  water, 
the  vapour  of  water  weighing  considerably  less  than  the  air  it  displaces. 
Air  and  whatever  it  holds  in  suspension,  being -fluid,  has  one  of  the 
important  properties  of  all  fluids,  it  transmits  pressures  in  all 
directions,  wherever  it  is  present.  Thus  we  are  all  familiar  with  the 
fact  that  though  we  are  subject  to  the  average  pressure  of  14*7  lbs. 
per  square  inch,  at  every  part  of  our  bodies,  and  even  of  parts  of  our 
internal  organisms,  such  as  our  lungs,  and  that  if  the  total  pressure 
on  our  bodies  was  summed  up  it  would  be  somewhat  considerable ; 
yet  we  are  absolutely  unconscious  of  the  fact,  because,  owing  to  the 
equal  transmission  of  pressure  everywhere,  by  the  fluid  air  and  what- 
ever it  may  have  absorbed  the  pressure  is  equal  everywhere.  Hence, 
in  any  vessel  in  which  water  is  contained,  for  the  purpose  of  being 
boiled,  the  pressure  of  the  air,  whatever  it  may  be  at  the  moment,  id 
present  at  every  part  of  the  surface  of  the  water,  and  in  order  that  the 
water  may  boil,  that  is  that  it  may  throw  out  gas  into  the  atrnosp) 
it  must  become  possessed  of  sufficient  energy,  or  rather  must  deliver 
sufficient  pressure  to  the  vapour  it  is  throwing  off,  to  overcome  the 
pressure  of  the  atmosphere.  The  operation  of  boiling,  in  fact,  in  the 
case  of  any  liquid,  consists  of  the  formation  of  a  gas,  and  the  delivery 
to  that  gas  at  a  pressure  sufficient  to  enable  it  to  escape  into  the 
atmosphere,  notwithstanding  the  pressure  exerted  by  the  atuio&plur*' 
upon  the  surface  of  the  liquid  from  which  the  gas  is  escaping.  The 
matter  may  be  put  in  another  way.  All  liquids  evaporate  at  all 
temperatures,  and  this  is  particularly  true  of  water.  The  vapour 
which  is  coming  away  from  the  surface  of  the  liquid,  exerts  a  certain 
pressure  upon  the  atmosphere  into  which  it  is  escaping,  and  when 
this  pressure  is  equal  to  that  of  the  atmosphere,  the  liquid  becomes  a 
gas  very  freely,  and  is  said  to  boil.  It  will  easily  be  understood  from 
the  above,  that  an  increase  or  decrease  of  pressure  on  the  surface  of 
the  liquid  changes  the  temperature  at  which  boiling  takes  place.  I :. 
is  a  well  known  fact  that  water  boils  at  a  lower  temperature  on 
mountain   tops,   owing  to   the  lower  pressure  of    the  atmosphere 

The  standard  boiling-point  of  water  is  taken  as  212°  at  sea-level. 
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with  the  barometer  constant  at  29962.  At  the  first  floor  of  the 
Paris  Observatory,  which  is  213  feet  above  sea-level,  the  standard 
barometric  pressure  is  29*69,  and  the  boiling-point  of  water  211*5° 
F.  At  Moscow,  at  a  height  of  984  feet  above  sea-level,  the  standard 
barometric  pressure  is  2882,  and  the  boiling-point  of  water  210*2°.  At 
Madrid,  which  is  1995  feet  above  sea-level,  the  standard  barometric 
pressure  is  27*72,  and  the  boiling-point  of  water  208°.  At  the  Hospice 
of  St.  Gothard,  6808  feet  above  sea-level,  the  standard  barometric 
pressure  is  23'07,  boiling-point  of  water  199*2°.  At  Quito,  in  Peru, 
9541  feet  above  sea-level,  standard  barometric  pressure  is  20*75, boiling- 
point  of  water  194*2°.    Table  VII.  gives  the  boiling-points  at  different 


TABLE  VII. 
Boiling-point  op  Wateb  at  Various  Altitudes. 


Boiling-point 
in  degree*. 
Fahrenheit. 

Altitode  tbore 
•M-lerel.   Feet. 

Atmospheric  pret- 

ran.     Pounds  per 

square  Inch. 

184 

16,221 

819 

186 

14,649 

887 

186 

14,076 

856 

187 

18,498 

8-75 

188 

12,934 

8*94 

189 

12,867 

913 

190 

11,799 

933 

191 

11,248 

9-58 

192 

10,685 

974 

193 

10,127 

9-95 

194 

9,579 

1016 

195 

9,031 

10-38 

190 

8,481 

10-60 

197 

7,932 

10-82     ' 

198 

7,381 

11-05 

199 

6,843 

11-28 

200 

6,804 

11-62 

201 

6,764 

11-76 

202 

6,225 

1201 

203 

4,697 

12-25 

204 

4,169 

12-51 

206 

8,642 

12-77 

906 

8,115 

1303 

207 

2,589 

13-29 

208 

2,063 

13-67 

209 

1,589 

18-84 

210 

1,026 

14-12 

2111 : 

512 

14-41 

212 

Sea-level. 

14-70 

Barometer, 
lnche*. 


16-79 
1716 
17-54 
17-93 
18-32 
18-72 
1913 
19-54 
19-96 
20-89 
20-82 
21-26 
21-71 
2217 
22-64 
2811 
23-59 
24-08 
24-58 
2508 
25-69 
2611 
26-64 
27-18 
27-73 
2829 
28-85 
2942 
3000 


heights  above  sea-level.     It  may  be  noted  incidentally  that  mountain 
sickness  is  largely  due  to  the  decreased  atmospheric  pressure ;  the 
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js  and  the  stomach,  which,  it  will  be  remembered,  work  together 
in  the  process  of  respiration,  requiring  some  time  to  accommodate 
themselves  to  the  lowered  pressure  at  considerable  heights. 

On  the  other  hand,  an  increased  pressure  raises  the  boiling 
temperature.  From  the  table  of  properties  of  saturated  steam  that 
is  given  on  p.  24-,  it  will  be  seen  that  while  the  boiling-point  with 
14-7  lbs.  pressure  is  212°  F,  with  50  lbs.  pressure  it  is  281°,  with 
BO  [be.  pressure  it  is  312°,  with  120  lbs.  pressure  it  is  341*  aud 
with  200  lbs.  pressure  382°  while  with  lower  pressures,  such  as  are 
obi  lined  when  engines  are  working  on  a  condenser  with  10  lbs. 
the  boiling-point  is  193°,  with  5  lbs.  it  is  1G20,  and  with 
1  lb,  it  is  102*. 


The  Influence  of   Dissolved  Substances  upon  the 
Boiling-point  of  Water. 

Water,  as  is  explained  later,  dissolves  a  very  large  number  of 
substances,  liquid,  solid,  and  gaseous,  and  the  act  of  solution  changes 
the    temperature  of  the  boiling-points  and  of  the   freezing-points. 

>  Brine  made  with  a  solution  of  common  salt,  and  of  calcium  chloridej 
used  with  refrigerating  apparatus,  because  it  does  not  freeze  at 
ordinary  temperatures,  and  can  bo  kept  in  circulation  at  practically 

*any  low  temperature  that  may  be  desired,  for  cold  stores,  or  for  ice- 
0g  plant.  On  the  other  hand,  the  presence  of  salts  in  solution 
raises  the  boiling  temperature.  The  increase  has  been  mea.su rrd 
tta  a  large  number  of  substances.  Common  salt  is  one  of  the 
substances  of  which  the  largest  number  of  measurements  have  been 
taken,  as  it  is,  or  it  would  be  more  correct  to  say  was,  so  commonly 
employed  in  the  boilers  of  steam  ships.  Three  per  cent,  of  salt  raises 
the  boiling  point  to  2132*  F.,  at  standard  atmospheric  pressure; 
6  p«  cent,  raises  it  to  214*4°  F.;  9  per  cent,  to  215-5°  F.;  12  pa 
cent.  Co  216*7°  P.;  and  approximately  it  may  be  taken  that  each 
3  per  cent,  of  salt  increases  the  boiling-point  1°  F.  Other  substances, 
such  as  chloride  of  calcium,  nitrate  of  soda,  nitrate  of  ammonia, 
carbonate  of  soda,  ohloride  of  potassium,  also  raise  the  boiling-point 

I  in  various  proportions. 
It  should  be  noted  that  while  the  boiling-point  of  the  solution 
is  raised,  the  steam  which  is  formed  from  the  solution  is  of  pure 
water,  though  it  may  contain  minute  portions  of  the  salt,  hold  in 
mechanical  suspension.  Bodies  held  in  mechanical  suspension  in 
water,  do  not  affect  its  boiling-point  Tims  the  finely  divided 
substances  that  arc  taken  up  by  water  in  its  course  over  rocks,  etc., 
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have  no  effect  upon  tho  temperature  at  which  the  water  holding  it 
will  boil. 


Absolute  Pressure 


The  pressures  given  in  the  last  paragraph  are  termed  "a 
pressures,"  the  pressure  above  zero.  In  the  ordinary  steam  working, 
the  steam  gauge  indicates  pressure  above  the  atmosphere,  and  in 
order  to  obtain  figures  for  absolute  pressure,  it  is  necessary  to  add 
to  the  gauge  pressure  14-7  lbs.  Absolute  pressures  are  usually 
employed  in  calculation?,  and  the  two  pressures  are  distinguished, 


when  talking  or 
pressures. 


writing,  by  the  names  "absolute"  and  "gauge 


Variation  of  the  Latent  Heat  with  Variath 
of  Pressure 


It  has  been  explained  above  that  the  boiling-point  varies  with 
the  pressure.  It  will  be  understood  that  immediately  steam  com- 
mences to  be  formed,  in  a  closed  vessel,  such  as  a  boiler,  the  pressure 
increases,  and  with  it  the  temperature  at  which  the  water  will  ton 
steam.  In  practice  steam  is  allowed  to  continue  to  bo  formed,  until 
the  pressure  reaches  that  with  which  the  engines,  turbines,  etc.,  are 
working,  and  in  good  practice  it  is  maintained  approximately  at  this 
pressure,  so  long  as  the  plant  is  working.  Any  increase  of  pressure 
however  caused,  say,  by  engines  not  taking  eteam  for  a  lime,  increases 
Lhe  temperature  at  which  the  steam  will  l>e  tunned,  and  vice  rersd. 
It  will  be  understood,  of  course,  that  in  any  boiler  in  which  steam 
is  being  formed,  the  temperature  of  the  water  and  of  the  steam  being 
formed  from  it,  are  the  same,  or  at  least  that  portion  of  the  water 
1 1 1 1 1  is  directly  in  contact  with  the  steam,  and  from  which  the  steam 
is  issuing.  In  addition  to  the  temperature  at  which  steam  is  formed 
increasing  and  decreasing  with  the  rise  and  fall  of  prcssur- 
latent  heat  also  changes,  but  inversely.  As  the  pressure  rises,  the 
temperature  rises,  and  the  latent  heat  falls,  and  vice  versa.  The  matter 
may  be  looked  upon  in  the  following  manner.  Taking  water  at 
average  temperature,  say  60°,  a  certain  quantity  of  heat  is  required  to 
raise  it  to  boiling-point.  With  standard  pressure,  14  7  lbe.  per  square 
inch,  152  B.  Th.  units  are  required  to  raise  every  pound  of  water  to 
boiling  temperature,  and  966  units  are  required  to  convert  tho  pound 
of  wjiter  into  steam  at  the  same  temperature.  With  a  pressure  of 
50  lbs.  per  square  inch  absolute,   the  boiling  temperature   being 
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181*  F.,  221  B.  Th.  unite  are 
?mperature,  but  only  9163 

team  at  that  temperature,  am 
:her  hand,  with  lower 
ion  of  the  exhaust 
the  steam,  the  quantity  of  hens  retained1  by  the 
remains  steam,  steadily  increases.     At  10  IhsL 
te  latent  beat  has  risen  to  §7M  R.  Th_  a«ta,i 
pressure  it  has  risen  to  10003  wanX  and  at  1  In. 
is  1042  9  units.     It  will  he  aeea  that  this  is  an 
rhen  dealing  with  the  work  that  is  to  be 
gjnaa  and   steam 
Lepends  entirely  upon  the  number  of  heat  uits  that 

im  the  steam  in  the  coarse  of  the  performance  of  iim  f  haak  si  wurk. 
:t  should  be  noted,  however,  that  the  total  quantity  of  heat  required 
>y  each  pound  of  water  to  raise  ii  to  boQing-potnt,  and  to  convert  it 
ito  steam  at  different  pressures,  steadily  increases  as  the  m 
icreases.  Taking  water  at  60'.  with  an  abaolnte  pressure  of  1  lb. 
•r  square  inch,  10S4  heat  units  are  required  to  bring  it  to  boiling-point 
id  to  convert  it  into  steam.  At  10  lbs.  absolute  pressure  the 
iujuitity  has  risen  to  1112  units.  At  standard  atmospheric  pressure 
147  lbs.  per  square  inch,  it  has  risen  to  1118  units.  At  50  lbs.  absolute 
1139  units.  At  100  lbs.  absolute  it  is  1153  units;  and  at 
10  lbs.  absolute  it  is  1170.  It  goes  on  increasing  with  higher 
imperatures  and  higher  pressures  up  to  approximately  466  lbs.  per 
[uare  inch  absolute,  when  the  boiling  temperature  is  460°  F.,  the  latent 
7774  B.  Th.  units,  and  the  total  heat  delivered  to  the 
iter  to  raise  its  temperature  and  to  convert  it  into  steam  from 
10°  is  1180,  according  to  the  experiments  of  Dr.  do  Laval.  The 
ttent  heat  of  the  steam  steadily  decreases  as  the  pressure  increases, 
tit  after  the  critical  point  is  passed,  the  total  quantity  of  heat 
[uired  to  produce  the  steam  also  steadily  decreases.  Table  VI II. 
fives  what  are  called  the  properties  of  saturated  steam,  the  tempera- 
ires,  corresponding  to  each  pressure,  the  latent  heat,  volume  of  each 
iand  of  steam,  etc. 
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TABLE  Vm. 

PlLOFKBTIKS    Or    SATURATED    STEAM 

[>ri-M(ir* 
In  It.  \m 

■t.  to. 

TeaiMratura 

or  balling 

poillt  |Q  dfr- 
|T««  F. 

ToUl  t«t  In 

l>n»irc»l  anIU 

per  lb.  of -*tr*iu 

from  0"  F. 

I..i'i«  but  lo 

thermal  unlw 

|*rll>. 

Volama  (cable 
fert  per  lb.). 

WflgbC  <.f  1 
cubic  foot  of 
•i cm  In  lb. 

Cubic  f^i  of 
•t*nni  from  1 

ciWc  foot  of 
Kftb-rftLBI'V. 

1 

102-0 

11460 

1042'9 

38086 

00030 

20,600 

B 

126-4 

1152-2 

10258 

172-08 

0-0058 

10,730 

4 

168-1 

1160-1 

10068 

89-62 

0-0112 

6.589 

0 

102-3 

11684 

10008 

7260 

0-0138 

4,680 

8 

168-0 

11692 

985-7 

16-89 

0-0214 

3,011 

10 

198-3 

1172  3 

978-4 

37-84 

00264 

2,380 

12 

202-0 

11760 

0784 

31-88 

00314 

1,089 

15 

218-1 

1178-4 

964'8 

25-86 

0-0387 

1,511 

18 

222-6 

1181-2 

9577 

21-78 

0O459 

1.357 

20 

2280 

1182  9 

969-8 

1972 

0-0507 

1,988 

388-3 

1184-6 

9494 

1MUI 

0-0655 

a$ 

iiiti-r, 

1186-6 

9458 

15-99 

0062.5 

808 

80 

250-5 

1189-8 

9379 

13  46 

0-0743 

b  n 

35 

259-4 

1192-5 

9316 

11-66 

0O858 

726 

40 

2070 

1194-9 

096-0 

10  27 

0*0974 

45 

2745 

1197-1 

9209 

918 

01089 

578 

50 

2810 

1199-1 

916-8 

8*81 

01902 

55 

287-1 

1201-0 

9120 

7-61 

01814 

474 

r„- 

399*6 

1202-7 

908*0 

701 

01425 

437 

06 

HMO 

1204-3 

9042 

6-49 

01688 

406 

70 

809-8 

1205-8 

!*>>* 

6-07 

0-1648 

378 

75 

8075 

1307-2 

8975 

508 

01759 

353 

BO 

8121 

1206-5 

894-3 

586 

01869 

883 

86 

1209-9 

891-4 

5-06 

01980 

Sit 

90 

B90-8 

12111 

888-5 

4*70 

0-2089 

998 

95 

894  0 

1212-8 

885  8 

466 

0  2198 

888 

100 

827-7 

1213-4 

8831 

4*33 

0*2307 

870 

88]  J 

1J14-4 

860-1 

411 

02414 

•J  -';'■" 

110 

884*8 

1216-6 

^th:i 

3-97 

0-2621 

947 

115 

887-9 

1216-5 

875-9 

8-80 

0-2628 

Q  ii 

in 

843  l 

1217'4 

873-7 

8*68 

0-2738 

227 

tsa 

844-2 

1218-4 

871-5 

8*61 

04846 

219 

180 

847-8 

1219-3 

aes  -i 

8*88 

0*2956 

211 

185 

8.VH 

1220-2 

867*4 

827 

0*8000 

203 

140 

l\bi-0 

1221-0 

866-4 

816 

0-3162 

197 

145 

1684 

1221-9 

868*8 

8-06 

0-3278 

190 

150 

358-3 

1222*7 

861-5 

2-96 

0*3377 

184 

155 

8610 

1223-5 

859-7 

2-87 

0-3484 

IT  B 

160 

363-4 

1224-2 

857-9 

279 

0-8590 

174 

165 

3GC0 

12249 

850-2 

2*71 

0-8896 

1G9 

170 

988-8 

1326-7 

BM-B 

fl-63 

0-8708 

164 

175 

370-8 

122*.  1 

852-9 

2*56 

0-3899 

159 

180 

873-0 

1227  1 

851-3 

2-49 

0-4009 

155 

185 

375-3 

1227 '8 

840-6 

2-43 

0-4117 

151 

190 

377-5 

12285 

848  0 

237 

0-4222 

MS 

1229-2 

846-5 

'J  31 

0-4327 

144 

900 

B81-8 

1229-8 

8450 

2-iit; 

0-4483 

141 

210 

3858 

12811 

841-9 

2-16 

0-4634 

135 
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Air 


Atmospheric  air  is  a  mixture  of  gases,  principally  oxygen  and 
nitrogen,  in  the  proportion  approximately  of  79  per  cent,  of  nitrogen 
to  21  per  (.Ml.  of  oxygen.  As  mentioned  in  a  previous  paragraph 
also,  atmospheric  air  nearly  always  contains  a  certain  quantity  of  the 
vapour  of  water.  Water  is  always  l>eiug  evaporated  from  the  surfaces 
of  oceans,  rivers,  and  the  land,  the  vapour  so  formed  becoming  the 
clouds  wc  see  in  temperate  and  cold  regions,  the  fogs  we  are 
unfortunately  so  familiar  with  in  this  country,  and  later  becoming 
,  and  snow.  Air  has  very  much  the  same  properties  with 
regard  to  other  gases,  and  to  minute  panicles  of  solid  matter,  that 
water  has.  As  explained  above,  gases  and  liquids  ore  both  fluids  in 
scientific  language,  and  have  a  great  many  properties  alike.  One 
property  is  the  ability  to  absorb  other  vapours,  and  solid  matter  in 
a  finely  divided  state,  also  the  different  bacilli,  disease  germs,  and 
minute  animalcules  of  all  kinds.  The  quantity  of  the  vapour  of  water 
that  air  can  absorb  varies  with  the  temperature,  but  the  law  is  a  very 
peculiar  one.  It  follows  a  parabolic  curve.  The  percentage  of  the 
vapour  of  water  that  the  air  can  absorb  at  low  temperatures,  is  very 
small,  amounting  to  1J  grains  per  cubic  foot  at  20°  F.,  and  it  in- 
creases very  slowly  up  to  a  temperature  of  60°  F.,  when  it  increases 
more  rapidly.  The  presence  of  the  vapour  of  water  in  air  has  b 
important  bearing  upon  the  feeding  of  the  furnaces  of  steam  boflaBB 
with  air.  When  watery  vajiour  is  present  in  air,  it  is  there  at  the 
expense  of  a  portion  of  the  volume  that  would  otherwise  be  occupied 
by  the  air  Thus  if  2  per  cent  of  water  is  present  in  a  cubic  foot  of 
nir,  it  means  that  the  actual  quantity  of  air  is  only  1692*44  cubic 
inches,  instead  of  1728,  and  that  therefore  in  place  of  3629  cubic  inches 
of  oxygen  being  delivered  to  the  furnace,  only  2903  cubic  inches 
arc  delivered. 

As  already  explained  also,  air  expands  and  contracts  *fa  of  its 
volume  for  every  degree  0.,  and  -4 ,1 ,  for  every  degree  F.  This  means 
Bfl  the  temperature  of  the  air  increases,  the  quantity  of  air 
present,  and  therefore  the  quantity  of  oxygen  present,  decreases  in 
this  proportion,  so  that  when  air  of,  say,  80*  F.  temperature  is  fed 
to  a  boiler  furnace,  it  only  delivers  001545  lb.  weight  of  oxygen  per 
cubic  foot  as  ngainst  001604  lb.  weight  per  cubic  foot  at  60°  F.,  and 
this  is  irrespective  of  the  quantity  of  moisture  the  air  may  contain, 
figures  may  aeem  small,  but  they  become  serious,  when 
millions  of  cubic  feet  are  dealt  with.     Table  IX.  gives  the 
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TABLE  IX. 

VOLUKS    AND  WBIOHT  OF  A  IB  AT  VaJUOUB  TbMPIBATUBU,    AHD  ATMOSPHERIC 

Pbesbcbb  {SriBUHa  Boilbb  Co.). 


Temperature  In 

Volume  or  1  lb.  caNa 

Weight  nr  l  cubic  foot 

d*gr*M  F.hrtDbf  Jt. 

foot. 

In  pound*. 

00 

12-840 

0077884 

65 

12-964 

0-077133 

60 

18-090 

0-O76400 

65 

18-216 

0-075667 

70 

13-342 

0O74950 

75 

18-467 

0-0742G0 

80 

18-593 

0-073565 

80 

18-718 

0-072894 

90 

18-846 

0-072230 

05 

18-970 

0-071580 

100 

14096 

0070942 

1 10 

14-0-46 

otxjyby« 

190 

14-598 

0-068500 

180 

14*849 

0-067842 

140 

15100 

0-066221 

150 

15-862 

0065140 

160 

15-608 

0-064068 

170 

16-854 

G-068072 

180 

16106 

0-062090 

190 

16-857 

0*061184 

900 

16-606 

0-060210 

210 

16-860 

0-069313 

S12 

16-910 

0-069136 

290 

17111 

0058442 

280 

17862 

0067696 

240 

17612 

0066774 

250 

17-865 

0-065975 

260 

18116 

0-065200 

370 

18-867 

0054444 

280 

18-621 

0053710 

290 

18-870 

0-062994 

300 

19121 

0062297 

890 

19-624 

0060959 

840 

20-126 

0049686 

360 

20-630 

0048476 

880 

21181 

0-047323 

400 

21-634 

0046223 

425 

22-262 

0*044920 

450 

22-890 

0-04S686 

475 

28*518 

0-042520 

500 

24146 

0-041414 

525 

24-775 

0040864 

550 

26-408 

0-039366 

575 

26-081 

0088415 

600 

26-659 

0087510 

650 

27-918 

0-085822 

700 

29-172 

0-084280 

760 

1 

80-428 

0-082865 

RODU 


27 


(1  volume  of  air  at  different  temperatures.  If  the  air  entering 
the  boiler  furnace  is  very  moist,  containing,  say,  10  per  cent,  of 
watery  vapour,  and  it  is  at  a  temperature  of,  say,  100°  F(1  the 
weight  of  oxygen  delivered  to  the  furnace  per  cubic  foot  of  air 
passing  in,  is  only  00134  lb.  instead  of  001604  with  dry  air  at  60°. 
The  quantity  of  the  vapour  of  water  present  in  the  air  varies  with  the 
climate  and  with  the  seasons.  In  this  country  tho  largest  proportion 
of  the  possible  quantity  of  vapour  is  present  in  the  air  during  the 
winter  months,  the  proportion  being,  according  to  Box,  66*1  per  cent, 
of  the  possible  quantity  in  August,  68  5  in  July,  710  in  June,  81*0  in 
February,  858  in  January,  85*6  in  November,  and  86*8  in  Docci. 
On  the  cither  hand,  the  quantity  of  moisture  the  air  can  carry  is 
highest  during  the  hot  summer  months  of  July  and  August,  and  is 
lowest  in  the  winter  months.  The  quantity  of  moisture  that  the  air 
can  carry,  as  already  explained,  depends  upon  the  temperature,  in 
accordance  with  the  law  mentioned  on  p.  25,  and  it  depends  upon  the 
elastic  force  of  the  vapour  of  water  at  that  temperature.  At  212°  F. 
the  elastic  force  of  the  vapour  is  29*962,  this  being  the  point  at  which 
vapour  comes  away  freely,  as  already  explained,  in  the  process  of 
boiling,  this  figure  and  the  following  ones  being  for  tho  standard 
atmospheric  pressure.  At  1023  F.  the  elastic  force  of  the  vapour,  or  tha 
vapour  pressure,  as  it  is  often  expressed,  is  =  2036  inches  of  meroury, 
or  0*968  lb.  per  iq.  in.  At  92°  F.  it  is  =  1501,  or  0736  lb.  per  n. 
in. ;  at  82°  it  is  1-092,  or  0'54  lb.  per  sq.  in. ;  at  72°  it  is  0'785,  or  0*39  lb. 
jier  sq.  in.  j  at  62°  it  is  0-556,  or  0276  lb.  per  sq.  in ;  at  52°  it  is  0388, 
or  0194  lb.  per  sq.  in. ;  at  42°  it  is  0267,  or  0*133  lb.  per  sq.  in. ;  and 
at  32°  it  is  0'181,  or  0*09  lb.  per  sq.  in.  It  will  be  seen  from  the  above 
figures,  that  though  the  percentage  of  the  possible  moisture  that  can 
be  carried  by  the  air  is  greatest  in  winter,  the  actual  quantity  may 
be  smaller  at  the  low  temperatures  prevalent.  Thus,  taking  a  tempe- 
rature of  42°  when  the  vapour  pressure  is  0'267,  and  taking  a  per- 
centage of  saturation  80  per  cent.,  or  the  possible  quantity  of  vapour 
that  may  be  carried,  tho  actual  quantity  present  will  represent  a 
vapour  pressure  of  0227  inch  of  mercury;  while  at  92°,  with  a 
percentage  of  66,  the  actual  quantity  present  will  represent  a  vapour 
pressure  of  0*99,  or  roughly  4J  times  that  present  with  the  lower 
winter  temperatures,  In  the  experiments  made  by  Mr.  Gaylcy  at 
Pittsburgh,  when  he  was  working  out  the  arrangement  for  drying 
the  air  for  the  blast  furnaces  that  he  has  siuce  established,  he  found 
different  quantities  of  Yapour  present  in  the  air  at  different  times, 
the  variation  following  the  rules  given  above  very  largely,  but  there 
being  large  variations  from  day  to  day,  and  from  hour  to  hour. 

It  will  be  understood,  from  what  has  gone  before,  that  the 
pressure  of  tho  air,  aa  distinguished  from  the  pressure  of  the  com- 
bined mass  of  air  and  water  in  the  atmosphere,  will  be  the  average 
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pressure  at  the  height  where  the  boiler  and  engine  is  fixed,  less  the 
pressure  of  the  water  vapour,  and  that  the  weight  of  air  passing 
into  a  furnace,  and  therefore  the  weight  of  oxygen,  will  follow 
this  law. 


Measuring  the  Percentage  of  Vapour  in  Air 

The  percentage  of  vapour  present  in  air  is  measured  by  talcing 
the  difference  in  the  readings  between  two  thermometers,  one  of 
which  is  exposed  bo  the  ordinary  temperature  of  the  air,  the 

j  exposed  to  the  cooling  effect  of  the  evaporation  of  water. 
The  usual  method  is — two  thermometers  are  fixed  side  by  side,  one 
being  exposed  to  the  ordinary  temperature  of  the  air,  and  the 
other  having  some  textile  porous  fabric,  such  as  a  piece  of  waste, 
or  tow  wrapped  round  its  bulb,  the  waste  dipping  into  a  ves 
containing  water.  The  evaporation  of  the  water  contained  in 
waste  extracts  heat  from  the  bulb  of  the  thermometer,  and  lowe 
the  reading  shown  by  it,  the  evaporation  being  directly  in  proportion 
to  the  difference  between  the  percentage  of  saturation  of  the  air,  and 
full  saturation.  From  the  difference  between  these  two  readings,  the 
percentage  of  saturation  may  be  obtained  by  a  table  that  was  worked 
out  by  Mr.  Glaiaher  at  Greenwich  some  years  ago,  and  is  g 
below. 

TABLE  X. 


[MgrMt  of  col.l  In  lh#  wiUbalb  tbinnoawter. 


u 


32° 

fi2° 
02° 
72° 
82° 


S  .  3 


;     ;,     .; 


9     10 


11 


ll!     13 


1!    V,    10    17 


18 


0 


DapcM  of  kumtiiiy.  wiurulun  being  iw. 


;> 


92    85    78 
9.V86    SO    74 
94  I  88  '  82  !  77 

94  89   84  i  79 

95  90  85   80 


88  60 

6:1  64 

72  G7 

74  m 


I',  i 
N 
B8 
61 
76  72  G8'64 


33   SO   27 
39   3G   33    30 
44  i  41  i  38    35 


27,25 

M    30 


48   45   42   39  36  84 


51    48    45    \X    10    38    35 
I 


96   26    24  23 
81    29    27   ifi 


The  above  method  is  known  as  that  of  the  wet  and  dry  bulb,  but 
when  carried  out  as  described,  it  is  open  to  grave  objections,  which 
affect  its  accuracy.  When  the  two  thermometers  merely  stand  side 
by  side,  with  the  air  not  in  motion  about  thorn,  the  full  offect  of  the 
unsatisfied  saturation  of  the  air  is  not  obtained,  the  effect  uf  tin  air 
upon  the  wet  bulb  being  masked  to  a  largo  extent  by  the  layer  of 
Mill  air  immediately  in  contact  with  it.     It  will  be  understood,  from 
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what  has  beea  explained  about,  the  saturation  of  air,  that  if  the  air 
immediately  surrounding  the  bulb,  becomes  itself  saturated,  and 
is  not  moved  away,  evaporation  from  the  fabric  surrounding  the 
built  will  then  cease,  and  an  apparent  measurement  will  be  taken, 
showing    the    hygrometric    state   of    the    atmosphere   at   a  higher 

of  saturation  than  it  really  is.  To  meet  this  difficulty,  two 
methods  have  been  adopted.     The  air  in  the  neighbourhood  of  the 

la- imometers  may  be.  simply  agitated  with  a  fan,  so  that  the 
masking  layer  of  still  air  is  disturbed,  and  something  like  a  convection 
current  set  up.     A  more  satisfactory  method,  however,  which  the 

>r  believes  comes  to  us  from  America,  consists  in  mounting  the 
two  thermometers  together  on  a  handle  arranged  for  whirling  round 
the  heat  on  the  lines  of  some  children's  toys.  One  of  the  thermo- 
meters has  its  bulb  surrounded  by  a  moistened  pad,  as  before,  and 
the  two  are  whirled  rapidly  round  the  head,  in  the  body  of  the  air 
whose  hygromctric  state  is  to  bo  measured,  for  several  seconds,  and 
the  readings  then  taken,  and  these  are  stated  to  l>e  as  correct  as  can 
be  obtained. 

Volume  and    Pressure 

<>lume  of  air  varies  inversely  with  the  pressure,  in  accord- 
wit  h  the  following  formula:  pv  =  a  coustaut.  That  is  i< 
product  of  the  two  factors,  f  and  v,  representing  respectively 
ure  and  volume,  is  constant.  If  the  pressure  increases,  the 
volume  decreases  in  the  same  projiortion.  Thus,  compressing  air  to 
double  its  previous  pressure,  reduces  its  volume  to  half,  and  vice vcrtxL 
This,  again,  is  of  importance  when  air  is  delivered  to  a  furnace 
under  pressure,  as  any  pressure  to  which  it  is  subject  will  reduce  its 
volume.  When  air  is  compressed,  heat  is  liberated  in  the  air,  the 
heat  representing  the  energy  expended  upon  the  air  in  the  act  of 
mmpression,  and  the  heat  delivered  to  the  air  expands  it  in  the 
proportion  given  above,  so  that  any  force  which  touds  to  compress 
the  air,  such  as  the  apparatus  employed  in  forced  draught,  or  the 
increase  of  barometric  pressure,  tends  at  the  same  time  to  diminish 
the  volume  of  the  air  by  the  increased  pressure,  and  by  liberating 
heat  in  the  air,  to  increase  the  volume  of  the  compressed  air,  and  ao 
to  resist  the  act  of  compression. 


The  Specific  Heat  of  Air 

The  specific  heat  of  air  is  usually  given  in  two  forms,  under  con- 
pressure,  and  under  constant  volume.   The  specific  heat  of  air  at 
constant  pressure  is  usually  taken  as  0238,  and  at  constant  volume, 
■.  water  being  taken  as  unity.    It  should  be  mentioned,  however, 
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that  the  specific  beat  of  air  is  often  taken  as  unity  for  coup 
with  that  of  gases.     When  air  and  other  gases  are  hooted  in  i 
vessels,  so  that  expansion  cannot  take  place,  and  the  pressure  ll 
necessarily  increased,  a   smaller   quantity   of  heat   will    raise   tin 
temperature  of  the  air  by  1°  F.  tbau  when  the  air  is  allowed   b 
expand  so  as  to  maintain  its  volume  constant.     This  is  the 
tiou  of  the  two  figures  given.     In  practice,  air  is  never  heated  tinder 
constant  pressure,  and  never  so  that  it  can  maintain  its  volume 
constant,  the  conditions  usually  being  that  both  pressure  and  volume 
are  increasing,  so  that  the  actual  specific  heat  of  the  air  is  somewhere 
between  the  two  figures,  and  it  will  not  be  far  wrong  to  take  it  u 
about  0*2.     The  following  table  gives  the  specific  heat  of  the  other 
gases  that  are  met  with  in  boiler  work — 

TABLE   XI, 


Specific  beat  at 

Specific  b-Mt  »t 

cuDsiaai  pressure. 

concur*  volume 

Oxygon  gas      ...          . 

0-3182 

0'1543 

Hydrogen  gut  . 
Nitrogen  gas    . 

34046 

0-244 

2-4200 
01717 

Carbauic  acid  .... 

0-S1G4 

0-1617 

„        oxide         ■         •         > 

0-3479 

01787 

Vapour  ot  water       .         ,         • 

0-476 

0-3621 

The  very  high  sjiecific  heat  of  hydrogen  gas  will  be  noted,  and 
its  great  importance,  if  free  hydrogen  is  present,  in  any  process  of 
combustion. 

The  specific  heat  of  air  varies  also  with  the  pressure,  both  willi 
constant  pressure  and  constant  volume.  The  variations  are  given  10 
the  following  table — 

TABLE  XH. 


lYeuun  in  inches  or 

Sparine  haatwlihpr"- 
buiij  canpUiit  Mid 

Specific  tai-at  wllb 
volume  cvoaUnt  and 

mercury. 

volume  Tillable. 

pressure  variable. 

1 

1-903 

0-9170 

5 

0*5827 

0-4101 

10 

0*4 1  -J  I 

02900 

20 

02914 

0  2050 

29  'J  2 

0-888 

0-160 

40 

0-3061 

0146 

60 

0-168 

01184 

SO 

0-1467 

01025 

100 

0-1306 

0-0919 

180 

00971 

00684 

300     . 

0-0762 

0-0629 

NTRODUCTOR 


3' 


The  importance  of  this  table  comes  in  with  high  pressures  in  the 
boiler,  and  with  low  pressures  in  the  condenser.  With  high  pressures, 
the  air  with  which  the  gases  formed  by  combustion  are  dUutod,  absorb 
a  smaller  quantity  of  heat  to  raise  thorn  to  the  furnace  temperature, 
and  in  the  condenser  the  air  present  will  absorb  a  larger  quantity  of 
beat  than  at  ordinary  atmospheric  pressures. 


Water 

Water  is  a  chemical  compound  of  hydrogen  and  oxygon  gases, 
the  formula  being  IlaC^  two  molecules  of  hydrogen  combining  with 
one  molecule  of  oxygen  to  form  one  molecule  of  water.  By  weight, 
16  parts  of  oxygen  combine  with  2  parts  of  hydrogen.  As  already 
explained,  water  exists  in  all  three  states,  in  the  solid  state  as 
ice  and  as  snow;  in  the  liquid  state  as  water;  in  the  gaseous  state 
as  steam,  and  in  a  not  quite  understood  state  as  vapour.  Water 
has  the  important  property  of  dissolving  almost  every  known 
nrbstanoa,  solid,  liquid,  and  gaseous.  Water  comes  to  us  originally 
from  the  clouds.  As  explained,  evaporation  is  constantly  taking 
place  from  the  oceans,  rivers,  and  the  surface  of  the  earth,  the 
evaporation  depending,  at  any  instant,  upon  the  temperature  of  the 
atmosphere,  aud  upon  the  quantity  of  the  vapour  of  water  already 
present.  Put  in  another  way,  the  vapour  which  is  issuing  from  the 
water  on  the  earth's  crust  has  a  certain  tension  of  its  own,  and 
the  vapour  which  is  present  in  the  atmosphere  has  also  a  certain 
tension.  When  these  two  are  equal  no  evaporation  can  take  place  ; 
while  when  the  tension  of  the  vapour  issuing  from  the  water  is 
greater  than  that  of  the  vapour  present  in  the  air,  evaporation  goes 
on  more  or  less  freely,  approximately  in  proportion  to  the  difference 
between  the  two  vapour  tensions.  When  the  tension  of  the  vapour 
in  the  air  is  greater  than  that  of  the  vapour  issuing  from  the  water, 
nation  ceases,  and  some  of  the  moisture  present  in  the  atmosphere 
is  deposited  upon  the  ground  or  upon  the  water. 

As  explained  on  p.  27,  the  tension  of  the  vapour  issuing  from 
the  water  depends  upon  the  temperature  of  the  water,  while  the 
tension  of  the  vapour  already  present  in  the  atmosphere  depends 
upou  the  temperature  of  the  atmosphere,  and  the  percentage  of 
possible  vapour*,  of  possible  saturation  by  vapour,  that  is  present. 
If  the  water  and  the  air  are  at  the  same  temperature,  and  the  air  is 
aal  nited,  neither  evaporation  nor  deposit  can  take  place.  And  the 
same  conditions  may  rule  if  the  temperature  of  the  water  is  com- 
paratively low,  while  the  temperature  of  the  air  is  comparatively 
high,  and  the  percentage  of  saturation  is  large.  The  formation  of 
dew  at  night  is  caused  by  the  ground  in  any  particular  position 
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cooling  by  radiation  after  it  has  ceased  to  receive  the  sun's  ray.-.  t)i> 
vapour  issuing  from  it  becoming  considerably  lowered  in  ten>i  »n. 
while  tbe  vapour  of  the  air  above  it  may  have  a  considerable  tci 
due  to  its  higher  temperature  and  to  its  state  of  saturation,  and 
deposit  then  takes  place. 

The  water  evaporated  from  the  earth  forms  iuto  clouds,  and  after 
wards  descends  as  rain,  falling  first  upon  the  high  lands,  the  clouds 
also  being  driven  before  tho  wind9  that  blow  from  time  to  time. 
The  water  that  descends  from  the  clouds,  if  in  the  form  of  rain. 
runs  down  tho  surface-  of  tho  ground,  forming  rivulets,  which  deliver 
their  water  to  .streams,  these  again  delivering  their  water  to  rivers, 
which  deliver  to  larger  rivers,  and  so  on,  tire  large  rivers  delivering 
to  the  oceans.  But  a  considerable  portion  of  the  water  which  falls 
upon  the  surface  of  the  ground  sinks  into  it,  some  of  it  going  to 
nourish  the  plants,  etc.,  that  are  growing,  and  some  falling  upon 
what  are  called  the  water-bearing  strata,  which  outcrop  at  the  surface 
of  the  ground  in  various  positions,  and  usually  descend  into  the 
ground  at  an  angle  with  the  vertical.  The  water  that  is  obtained 
by  sinking  wells,  is  that  wluch  has  fallen  upon  the  outcrop  of  the 
water-bearing  strata,  and  has  descended  through  it  to  difFerent  depths. 
"Water-bearing  strata  aro  tho  porous  rocks,  such  as  sandstone,  an 
the  loose  earths,  such  as  gravels,  and  some  kinds  of  sand. 

The  reservoirs  that  are  made  for  tho  supply  of  water  to  to 
are  formed  by  collecting  all  the  streamlets  running  down  the  sides 
of  tho  hills  in  the  high  lauds  above  the  towns  over  a  considerable 
area,  and  preventing  their  running  away  in  the  streams,  etc.,  as 
mentioned  above,  by  fixing  dams  across  convenient  spots,  such 
the  junctions  of  two  or  more  valleys,  where  a  considerable  depth  of 
water  can  be  impounded,  the  water  being  carried  from  there  by  pipes 
into  the  town. 

The  water  which  runs  down  the  sides  of  hills  and  mountains,  and 
at  tho  bottoms  of  valleys  in  streams  and  rivers,  dissolves  a  certain 
portion  of  the  substance  of  the  rocks,  etc.,  over  which  it  runs,  and 
also  carries  off  a  certain  quantity,  in  a  finely  divided  state,  the  friction 
of  the  running  water  loosening  some  of  the  particles  of  the  rock  or 
earth  over  which  it  is  running,  and  the  running  stream  carrying  tho 
particles  along  with  it.  The  ability  of  water  to  dissolve  portions  of 
tiic  rooks,  etc.,  over  which  it  runs,  leads  to  tho  formation  of  the 
natural  mineral  springs  that  are  found  all  over  the  world,  having 
certain  medicinal  properties,  and  it  also  leads  to  the  waters  employed 
for  boiler  purposes  containing  the  salts,  mainly  of  lime,  magnesium, 
and  sodium,  which  confer  on  the  water  the  property  known  as 
hardness. 

Water  has  also  the  property  of  dissolving  pretty  well  all  gases 
and  liquids,  and  there  is  a  peculiar  feature  in  connection  with  tin. 


,  and 

wr.s. 
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solution  of  gases  in  water.     Gases,  it  will  be  remembered,  exist  in 
the  gaseous  state,  because  they  are  p  of  ■  certain  quantity  of 

latent  beat.     When  a  gas  is  dissolved  in  water,  it  delivers  its  latent 
heat  to  the  water,  in  tbo  process  of  solution,  the  water  being  heated 
:he  liberated  latent  heat. 


Impurities   in  Water 

As  will  be  seen  when  dealing  with  boilers,  the  impurities  wbiob 

the  water  collects  in  its  passage  over  rocks,  etc.,  have  a  very  serious 

effect  upon  the  heating  power  of  boilers,  inasmuch  as  the  substances 

carried  by  the  water,  whether  in  solution  or  mechanically,  are  deposited 

upon  the  water  side  of  the  heating  surfaces,  and  gradually  build  up 

ts  chat  offers  considerable  resistance  to  the  passage  of  the  heat 

_-h    trie  metal  separating  the  water  and   the  hot  gases.     The 

j'd  substances  found  in  water  are  the  carbonates  and  sulphates 

of  calcium  and  magnesium,  CaC03  and  MgCOa,  CaS04  and  MgSO|. 

Other  substances  that  are  found  frequently  are   the  carbonates  of 

Oj,and  the  chlorides  of  calcium,  magnesium,  potassium,  and 

solium,  C&Clfl,  MgCla,  KC1,  NaCl.     Sodium  chloride  is  the  principal 

foreign  component  of  sea  water. 

The  apparatus  for  dealing  with  impurities  in  the  water  wii.li 
which  boilers  are  to  be  fed,  are  dealt  with  in  their  section,  on  p. 
182.  They  operate  principally  by  the  application  of  heat,  and  t  he 
addition  of  certain  substances  which  render  the  dissolved  salts  in  the 
water  insoluble,  and  precipitate  them  before  the  water  is  allowed  to 
the  boiler.  The  carbonates  are  not  soluble  iti  water,  but  the 
h -carbonates  are.  The  carbonates  are  the  salts  given  above,  in 
which  only  one  molecule  of  carbonic  acid  is  present  in  combination, 
but  the  bi-carbonates  have  two  molecules  of  carbonic  acid,  the  addition 
of  the  second  molecule  rendering  them  soluble  in  water.  The  applica- 
tion of  heat  to  the  water  drives  off  the  additional  molecule  of  carbonic 
ul  the  carbonate  is  then  deposited.  If  the  carbonic  acid  is 
mooted  from  the  water  before  it  enters  the  boiler,  and  the  carbonates 
ue  allowed  to  deposit  in  some  vessel  outside  of  the  boiler,  the  water 
is  rendered  harmless  so  far  as  those  salts  are  concerned;  but  if  the 
water  is  allowed  to  enter  the  boiler  with  the  bi- carbonates  in  solution, 
U  the  second  molecule  is  driven  off  at  a  maximum  temperature  of 
tW  ¥.,  or  when  the  steam  is  at  a  pressure  of  58  lbs.  absolute,  or 
•  lbs.  gauge,  the  carbonates  remaining  are  deposited  on  the  metal 
the  water  space  itself.  The  sulphates  and  chlorides  are  got  rid  of 
ttion  of  carbonate  of  soda,  NaCOa.  and  caustic  lime,  CaHaO, 
in  proportions  depending  upon  the  quantity  of  the  salts  present. 
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The  presence  of  the  impurities  in  the  water  lead  to  other  troubles, 
such  a*  pruning,  etc.,  that  will  be  dealt  with  when  describing  boilers 
and  their  working. 


Steam 

As  already  explained,  steam  is  water  in  the  gaseous  state,  and  b 
produced  from  water  by  the  application  of  heat,  different  quai: 
of  heat  being  reqmred  to  evaporate  a  given  quantity  of  water, 
according  to  the  pressure  to  which  the  surface  of  the  water  is 
exposed,  and  according  to  the  percentage  of  salts  held  in  solution  in 
the  water. 

Steam  as  it  comes  away  from  the  surface  of  water  in  tln>  b 
is  known  as  saturated  steam.  The  term  "saturated"  moans  here,  that 
the  steam  is  of  the  maximum  density  at  the  particular  teruperature. 
In  the  table  of  the  properties  of  saturated  steam  given  on  p.  124,  it 
will  be  noted  thai  the  temperature,  the  latent  beat,  the  total  heat,  tke 
volume  per  cubic  foot,  the  weight  per  cubic  foot,  and  the  quantity  i 
steam  produced  from  one  cubic  foot  of  water  are  given  in  the  successive 
columns.  The  volume  per  cubic  foot  is,  of  course,  only  another  name 
for  its  density,  aud  it  will  be  noticed  that  the  volume  steadily  decreases, 
the  density  increasing  in  the  same  proportion  as  the  pressure  increases. 
Thus  at  1  lb,  per  square  inch  absolute  pressure,  the  volume  is  330*4 
cubic  feet  per  p<  mini,  at  2  lbs.  pressure  it  is  only  172  cubic  feet ;  at  10 
lbs.  it  is  37'8  cubic  feet ;  at  147  lbs.,  or  atmospheric  pressure,  Etifl 
26-37  cubic  feet;  at  50  lbs.  it  is  8  34  cubic  feet;  at  100  lbs.  it  is 
4*34,  and  at  200  lbs.  it  is  2'26,  and  so  on.  Saturated  steam  hjfl 
ii  properties  of  its  own,  in  particular,  with  reference  to  bbe 
transmission  of  heat  through  iron  pipes.  According  to  Professor 
Siebel.  the  authority  on  refrigeration,  the  rate  of  transmission  of  heat 
from  saturated  steam  through  an  iron  pipe  to  water  on  the  other  side 
of  the  pipe,  is  only  one  quarter  that  at  which  heat  is  transmitted  from 
hot  water  in  an  iron  pipe,  to  water  on  the  other  side  of  the  pipe. 
Saturated  steam,  however,  is  very  rarely  pure  steam.  That  is  to  say, 
taking  steam  to  be  a  gas,  and  to  have  all  the  properties  pertaining  to 
gases,  the  steam  from  steam  boilers  carries  in  it  the  vapour  of  \ 
or  finely  divided  globules  of  water,  very  much  in  the  same  way  as  air 
carries  the  vapour  of  water,  as  already  explained.  The  vapour  of 
water,  or  the  globules  of  water  held  in  sasfH-nsaui,  introduce  t  source 
of  loss  in  steam  engines,  owing  to  the  facility  with  which  on  the 
steam  meeting  surfaces  of  slightly  lower  temperature  than  itself,  the 
water  carried  in  suspension  condenses  on  those  surfaces,  being  after- 
wards formed  into  steam  at  the  expense  of  heat  taken  from  the  mi 
surfaces  upon  which  they  were  condensed. 
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Superheated   Steam 

To  meet  the  abort  of  tilt  condensation  of  the  water 

carried  over  from  tbe  boiler,  it  is  now  common  to  subject  steam  on 
its  wav  to  tin  engine,  or  turbine  that  is  to  use  it,  to  a  process  known 
as  superheating.     Various  forms  of  superheaters  are  described  later 
in  the  book,  but  the  object  of  all  is,  the  heating  of  tbe  steam,  out  of 
contact  with  the  water  from  which  it  was  formed,  and  the  formation 
of  all  the  watery  globules,  or  watery  vapour  that  is  carried  in  sus- 
iuii,  into   proper  steam  at  the  pressure  and  temperature  of  the 
:;i  which  carries  it.     The  process  of  superheating  confers  certain 
valuable  properties  upon  the  steam,  that  it  does  not  possess  in  the 
saturated  form.     Superheated  steam,  according  to  Professor  BtebeJ, 
tr  intuits  heat  through  an  iron  pipe,  to  water  on  the  other  side  of  the 
pipe,  at  only  4l,itn  tne  rate  tnat  saturated  steam  does.    It  need  hardly 
be  pointed  out  what  a  very  valuable  property  this  is,  in  all  apparatus 
where  work  is  to  be  obtained  from  steam  by  its  expansion,  und  by 
hanical  work  obtained  in  the  process  of  expansion.     Any  heat 
the  steam  loses  by  oondaotfan  to  the  cylinder  or  pipes  through  widen 
it  passes,  robs  it  of  a  portion  of  the  energy  it  would  expend  in  driving 
the   pist  >n,  or  in  turning  the  blade  of  a  turbine  wheel.     In   ;toMi 
to  the  above,  the  specific  heat  of  steam  being  only  about  0'5,  the 
Steam  produced  from  a  pound  of  water  will  have  its  teinj. 
raised  in  the  proriortion  of  2  to  1,  about,  by  the  application  to  it 
of  auy  definite  quantity  of  heat.      If  the  steam  to  be  superheated 
is  in  a  closed  vessel,  unable  to  escape,  as  when  the  engines  are  not 
taking  steam,  the  application  of  heat  in  the  process  of  superheating 
will  raise  the  pressure  of  the  steam,  with  the  temperature,  the  pressure 
;iik1  temperature  of  steam  going  together  in  accordance  with  the  figures 
a  in  Table  8.    Where,  as  will  more  usually  be  the  case,  the  steam 
is  superheated  on  its  way  from  the  boiler  to  the  engines,  and  is  there- 
fore free  to  expand,  its  volume  will  increase  with  the  application  of 
heat,  in  the  same  proportion  as  its  pressure  would  if  confined.     In 
considering  the  question  of  superheating,  it  is  important  to  know  the 
quantity  of  vapour  or  watery  globules  present  in  the  steam,  and  the 
superheating  apparatus,  whatever  it  may  be,  must  provide  sufficient 
heat  during  the  passage  of  the  steam  through  it,  to  raise  the  whole  of 
the  water  present  to  the  condition  of  proper  steam,  at  the  temperature 
to  which  the  steam  itself  is  raised.    In  practice,  the  maximum  quantity 
of  vapour  that  can  be  carried  over  by  the  steam,  under  ordinary  work- 
:  conditions,  is  found  by  test,  and  the  superheating  apparatus  is 
ranged  to  furnish  the  necessary  heat  required  for  converting  this 
maximum  quantity  of  water  into  steam  during  the  passage  of  the 
in  tlirough  the  superheater. 
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Specific    Heat  of  Superheated   Steam 

Tho  speoiiic  heat  of  superheated  steam  at  atmospheric  pressure  is 
taken  at  048,  but  according  to  recent  measurements,  the  specific  heat 
of  steam,  superheated  to  100*  F.  above  the  saturated  state,  is  0*65,  and 
with  200°,  075.     It  is  frequently  taken  as  05  for  calculations. 

It  should  be  noted  that  the  remarks  made  above,  with  refer 
to  the  additional  work  to  be  got  out  of  superheated  steam,  owing  u> 
the  lower  specific  heat,  applies  to  a  large  extent  to  steam  generated 
in  the  boiler,  at  higher  than  ordinary  atmospheric  pressure.  Modern 
praotice  has  tended  to  gradually  increasing  steam  pressures.  In  the 
early  days  of  Bteam.  the  old  Cornish  pumping-engine  worked  at  only 
a  few  pounds  above  atmospheric  pressure,  the  vacuum  produced  by  con- 
densing under  tho  piston  being  relied  on  very  largely  for  the  work 
done  by  the  engine.  Even  as  late  as  thirty  years  ago,  steam  pressures 
of  30  lbs.  or  thereabouts,  were  very  common  all  over  the  United 
Kingdom.  Gradually,  however,  the  pressures  used  have  increased, 
first  to  50  lbs.,  then  to  80  lbs.,  and  now  pressures  of  250  lbs.  per 
square  inch  are  not  uncommon,  and  the  increased  pressures  all  tend 
to  economy  in  coal,  partly  for  the  reason  given  in  connection  with  the 
superheating  of  steam,  because  the  specific  heat  of  steam  is  so  much 
lower  than  that  of  water,  and  partly  because,  as  mentioned  in  a 
previous  paragraph,  the  latent  beat  of  steam  steadily  decreases,  as 
the  pressure  increases.  And  it  is  the  latent  heat  which  forms  practi- 
cally the  gTeat  source  of  waste  with  steam.  The  more  the  latent  heat 
can  be  reduced,  the  more  economical  is  the  use  of  steam,  providing 
that  the  energy  delivered  to  the  steam  ib  economically  applied. 


Carnot's  Law  of  the  Efficiency  of  Heat  Engim 

The  law  of  tho  officionoy  of  all  heat  engines,  steam,  gas,  ei 

which  was  enunciated  by  the  French  savant  Camot  some  eighty  y» 

ago,  still  rules  in  tho  heat-engine  world.     It  is  as  follows : — 

T  —  T 
The  otBcioncy  =  — m — -.     The  formula  is  sometimes  written 

T-T, 


Where  1\  is  the  absolute  temperature  at  whioh  tho  heat 
received  by  the  engine,  and  Ta  is  the  absolute  temperature  at  w] 
it  is  rejected. 

In  using  Lliis  formula,  another  law  of  heat  operation  rules, 
that  the  final  result  of  successive  changes  of  heat  is  iiTcspeotivo  of 
the  method  of  the  changes  and  the  steps.     In  the  case  of  steam,  tl 


INTRODUCTORY 


37 


law  may  be  applied  separately  to  the  boiler,  to  the  engine,  and  to  tlio 
condenser,  or,  as  is  more  usual,  it  may  be  applied  to  the  combination 
as  a  whole.  It  means  that  the  greater  the  difference  of  temperature 
between  the  steam  generated  by  the  boiler,  and  that  finally  ejected 
from  the  exhaust  of  the  CDgine,  the  higher  is  the  efficiency  of  the 
plant  ns  a  whole,  the  greater  the  proportion  of  the  heat  delivered  to 
the  water  that  is  recovered  from  the  crank-shaft  of  tlio  engiii 
shaft  of  the  turbine.  The  law  may  be  carried  further  bar.k  to  the 
temperature  of  the  furnace,  and  will  bo  oqually  applicable,  tho  higher 
the  temperature  of  the  furnace  and  the  lower  the  temperature  of  tho 
steam,  finally  ejected  from  the  exhaust,  the  higher  is  tho  efficiency  ot 

I  the  plant,  and  the  lower  the  consumption  of  coal  in  the  boiler  furnace 
per  B.H.P.  at  the  steam  motor-shaft  should  be. 
It  will  be  seen  that  this  law  explains  a  good  many  things  that  are 
at  first  somewhat  puzzling,  such  as  the  very  large  increase  of  efficiency 
obtained  from   the  steam   turbine   by  increased  vacuum,  and  iln- 

t increased  efficiency  of  any  steam  plant,  with  higher  steam  pressun^. 
Tho  above  is  subject  to  the  steam  and  tho  heat  being  usefully  applied. 
Ativ  leakage  of  heat,  such  as  radiation  from  the  boiler  surface,  from 
<am-pipca,  and  from  the  surface  of  tho  engine  oylindors,  vhiofa 
all  go  bo  increase  the  range  of  temperature,  decrease  the  efficiency  of 
the  heat  combination. 

In  all  boiler  plant  heat  is  obtained  by  the  combustion  of  fuel  in 
a  furnace,  either  forming  part  of  or  attached  to  the  boiler.  By  com- 
bustion is  meant  the  chemical  combination  of  oertain  component**  of 
coal,  wood,  oil,  and  other  substances  with  oxygeu.  As  the  author 
understands  the  matter,  gases  exist  in  the  gaseous  state  by  virtue  of 
the  fact  that  they  are  possessed  of  a  certain  quantity  of  energy, 
enabling  them  to  exist  as  gases ;  and  in  addition  to  this,  every  gas 
exists  as  that  gss  by  reason  of  the  possession  of  a  certain  quantity 

(of  energy  peculiar  to  itself,  as  distinguished  from  its  own  latent 
heat.  Put  in  another  way,  the  energy  possessed  by  gases  of  different 
forms  varies  very  considerably.  The  energy  possessed  by  hydrogou 
gas  is  apparently  very  much  larger  lliuu  that  of  any  other  gas. 
Oxygen  possesses  a  largo  store  of  energy,  while  carbonic  acid  and 
carbonic  oxide  exist  with  a  very  much  smaller  quantity.  Hence, 
when  any  substance,  such  as  carbon,  combines  with  oxygen,  though 
a  certain  quantity  of  energy  is  demanded  to  convert  the  carbon  to 
the  gaseous  state,  the  energy  required  to  enable  carbonic  acid  to  exist 
as  a  gas,  is  so  much  less  than  that  required  for  the  existence  of 
oxygen  as  a  gas,  that  a  certain  quantity  of  energy  is  liberated  in  the 
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form  of  heat.     Tbe  quantity  of  energy  Liberated  by  the  combination 
of  certain  substances  has  been  measured  by  different  exj^oriinont 
as  given  brlow. 

(1)  Carbon  oxidizing  to  carbonic  oxide,  4500  B.  Th.  0 
241 G  calories. 

(2)  Carbon  oxidizing  to  carbonic  acid,  14,500  B.  Th.  units,  or 
8080  calories. 

(3)  Hydrogen   combining  with   oxygen  to   form  water,    6; 
B,  Th.  units,  or  34.180  calories. 

(4)  Sulphur  nxidizing  to  S03,  4000  B.  Th.  units. 
The  above  figures   for  the  calorific  values  are   to  be  taken  as 

approximate.     They  are  near  enough  for  all  practical  purposes,  and 
the  qualification  just  named  is  given  because  different  experimi 
appear  to  have  obtained  different  result*.     All   the  result?  are  in   t 
close  neighbourhood  of  the  figures  given. 

The  heat  liberated  by  the  combination  of  other  elements  wil 
oxygen  has  also  been  measured,  but  carbon  and  hydrogen  and  sulphur 
.nv  the  only  elements  that  concern  us.  All  known  fuels  owe  their 
useful  calorific  value  to  the  presence  of  these  elements.  Sulphur 
occurs  to  a  small  extent  in  coal,  but  its  combining  value  is  not  of 
importance.     It  is  always  eliminated  where  possible. 


. 
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Calorific  Power 


By  calorific  power  is  meant  the  heat  which  is  liberated  by  the 
combination  of  1  lb.  of  the  substance  with  oxygen.  It  is  also  fre- 
quently written  as  "  calorific  value."  The  meaning  of  either  expres- 
sion is,  the  comparative  ability  of  the  different  substances  to  liberate 
heat,  when  a  definite  quantity  of  the  substance  combines  with  oxygen 

Tbe  calorific  powers  of  the  principal  fuels  have  been  determined 
by  careful  experiment.  They  all  depend  upon  the  quantity  of  carbon 
and  hydrogen  that  are  present  in  them,  modified  by  the  quantity  of 
oxygen  that  is  also  present  in  nearly  all  of  them.  Hydrogen  and 
oxygen  have  a  strong  affinity  for  each  other,  and  will  combine  to 
form  water  whenever  the  opportunity  occurs.  In  the  great  majority 
of  fuels,  while  a  certain  quantity  of  hydrogen  is  present,  a  t\ 
quantity  of  oxygen  is  also  present,  and  before  the  calorific  value  of  a 
fuel  is  determined  theoretically,  the  quantity  of  hydrogen  required  to 
satisfy  the  quantity  of  oxygen  present  is  deducted  from  the  total 
quantity  of  hydrogen,  the  remainder  being  taken  with  the  carbon. 
Thus,  as  hydrogen  combines  with  eight  times  its  own  weight  of 
oxygen,  \  of  the  weight  of  oxygen  present  may  be  deducted  from  the 
weight  ot  hydrogen.  Dulong's  formula  for  calculating  the  calorific 
value  of  any  fuel  is  as  follows; — 
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XTonlfZr)  -  *«  C  +  61.524  (H  -  g)  +  4W0  S 

•where  C,  H,  0,  and  S  represent  the  proportionate  parts  of  carbon, 
hydrogen,  oxygen,  and  sulphur  respectively. 


Forms  of  Fuel 

The  available  fuels  are;  the  different  forma  of  coal,  wood,  the 
refuse  from  sugar-canes,  cotton  trees  and  similar  things,  peat,  petro- 
leum in  its  various  forms,  oils  of  various  kinds  other  than  petroleum. 

iral  gas,  blast  furnace  gas  and  producer  gas,  corn,  maize,  oak 
sugar.  Some  forms  of  dried  manure  and  other  substances  have 
ill  iM-en  used.  Any  substance,  in  fact,  containing  carbon,  or  oarbon 
and  hydrogen,  may  be  employed  as  a  fuel,  providing  that  its  tempe- 
r.uum  can  be  raised  to  ignition  point,  and  that  it  can  be  supplied 
with  oxygen. 

Coal 

Coal  is  found  at  various  depths  in  the  earth  b  crust,  ranging  from 
0,  or  the  outcrop,  as  it  is  termed,  down  to  depths  of  1000  yards  ut 
present  being  worked,  while  deposits  arc  also  believed  to  exist  at  still 
depths.     The  coal  has  all  been  formed  in  the  sarna  maimer, 
far  as  is  known  at  present.     In  the  places  where  coal  beds  now 
it,  plants  of  a  certain  character  grew  in  ages  long  gone  by,  pro- 
bably millions  of  years  ago.     The  plants  apparently  grew  principally 
in  clay  soils,  as  most  of  tho  coals  are  underlaid  by  clay  of  various 
forms.    The  plants  died,  and  by  the  succeeding  operations  to  which 
the  earth's  crust  was  subject,  they  were  buried  by  overlying  strata, 
the  sites  where  they  had  grown  usually  being  submerged  after  the 
plants  had  died,  and  there  has  been  a  gradual  accretion  of  overlying 
strata  gradually   pushing  the  coal   seams  lower  and  lower  down 
baoeath  the  surface.     The  coal  seams  occur  in  nearly  every  part  of 
in*'  world,  and  they  vary  in  thickness  from  a  very  few  inches  up  to 
M  much  as  ten  yards.     In  this  country  they  lio  in  basins,  spread  out 
M  thai  the  edges  of  the  seams  come  out  to  the  surface  on  each  side 
of  the  basin,  and  the  seam  itself  is  inclined  to  the  vertical,  and  is 
found  at   lower  and  lower  depths  as  it  recedes  from    the  outcrop. 
In  other  parts  of  the  world — in  China,  for  instance — the  coal  seams 
are  stated  to  lio  in  large  basins,  almost  horizontal.     Volcanic  action 
has  Ijeen  very  busy  wherever  the  coal   seams  have   been   formed, 
has  disturbed  the  lay  of  tho  strata,  and  in  addition  has  created  a 
considerable  amount  of  uncertainty  as  to  what  condition  the  coal 
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will  be  found  in  when  it  is  reached,  in  different  parts  of  each  coal 
basin. 

Forms  of  Coal 

dial  exists  in  very  variable  forms — brown  coal  or  lignite,  which 
16  found  in  very  large  quantities  in  Bohemia,  Italy,  and  other  part* 
of  the  world,  and  in  Bmall  quantity  in  Devonshire ;  bituminous  01 
true  coals,  as  they  are  sometimes  called,  semi-bituminous,  or  semi- 
anthracites,  anthracite,  and  cannel. 

Peat,  though  it  is  taken  to  be  a  distinct  substance,  is  apparently 
the  early  form  of  coal.  It  is  formed  on  the  surface  in  marshy 
districts,  very  large  quantities  being  found  in  Ireland,  in  Che  well- 
known  peat  bogs,  and  a  considerable  quantity  in  the  low-lying 
parts  of  Somersetshire  and  elsewhere.     Peat  is  formed  from  a 

fdants  which  die  down,  but  which  do  not  cease  to  grow  after  they 
iave  ceased  to  furnish  vegetation  upon  the  surface.  At  the  same 
time,  fresh  plants  are  produced  at  the  surface  in  each  season,  which 
in  their  turn  die,  and  go  to  add  to  the  mass  of  peat  lying  below 
them,  with  the  result  that  the  lower  layers  are  subject  to  a  certain 
amount  of  pressure,  similar  to.  but  very  much  smaller  than  the 
pressure  to  which  the  coal  seams  have  been  subject,  and  the  nature 
of  the  lower  layers  is  gradually  altered,  the  colour  of  the  top  layers 
being  light  brown,  while  that  of  the  lowest  layers  will  be  nearly 
black.  And  while  the  top  layers  consist  of  the  tangled  roots 
stems  of  the  plants,  clearly  distinguished,  the  lower  layers  have 
pressed  into  a  more  or  less  compact  mass,  in  which  the  stems 
roots  of  the  plants  are  not  easily  distinguishable.  Peat  contains 
very  large  quantity  of  moisture,  and  the  process  of  getting  it  co 
sists  in  cutting  the  layers  into  square  portions,  and  stacking  them  u 
something  after  the  manner  of  haystacks,  but  with  air  spaces  between 
the  different  layers,  so  that  the  air  can  penetrate  and  carry  off  the 
moisture  in  the  same  manner  as  in  the  water-cooling  towers  that 
will  be  described  later  on.  Even  when  thoroughly  dried,  so  far 
it  can  be  in  this  manner,  peat  still  contains  a  large  percentage 
water  held  in  suspension  in  its  pores,  and  hence  its  value  as  a  f u 
is  considerably  reduced,  since,  as  will  he  explained,  the  water  whi 
is  present  in  the  pores  of  a  fuel,  takes  heat  from  that  liberated  by 
the  combustion  of  the  fuel,  to  convert  itself  into  steam,  and  as 
water  takes  in  the  neighbourhood  of  1200  heat  units  per  lb.  to 
its  temperature  to  boiling-point  and  convert  it  into  steam,  tlie  1 
may  be  a  very  serious  one. 

The  composition  of  peat,  leaving  out  water,  which  may   be 
much  as  20  per  cent  after  air-drying,  ranges  from  54  to  61  per 
of  carbon,  5  to  7  per  cent,  of  hydrogen,  from  28  to  32  per  cent. 
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n,  nnd  from  1'  to  2 i  per  cent,  of  nitrogen,  and  from  2  to  10 
per  cent,  of  ash.  Ash  is  the  residue  of  incombustible  matter  tlml 
remains  after  the  fuel  is  burned.  It  consists  of  the  following  sub- 
stances :  silica  in  the  proportion  of  from  29  to  53  per  cent,  of  tho 
total  amount  of  ash  present,  alumina  and  oxide  of  iron  in  the  pro* 
portion  of  35  to  87  per  cent.,  and  limo  from  4  to  12  per  cent,,  with 
small  quantities  of  magnesia,  anhydrous  sulphuric  acid,  and  phos- 
phoric acid.  The  quantity  of  ash  in  different  coal  varies  from  3  up 
to  15  per  cent. 

Both  nitrogen  and  the  incombustible  ash  lower  the  calorific  value 
the  fuel,  because  neither  of  them  bring  any  additional  heat  to  the 
common  stock,  and  both  of  them  absorb  heat  while  the  process  of 
combustion  is  going  on,  to  raise  themselves  to  the  temperature  of 
the  remainder  of  the  burning  mass.  It  will  be  understood  that  in  u 
furnace,  or  wherever  fuel  is  in  process  of  combustion,  any  substance 
that  is  present  will  assume  the  temperature  of  the  remainder  of  the 
burning  mass,  if  and  as  far  as  it  is  able  to  do  so. 

»The  coals,  commencing  with  peat,  appear  to  follow  a  regular 
gradation,  approximately  according  to  their  age,  and  the  pressure  to 
which  they  have  been  subjected  by  the  overlying  strata.  After  peat 
come  the  brown  coals  or  lignites,  in  which  the  carbon  ranges  from  46 
up  to  60  per  cent.,  the  volatile  matter  from  40  to  54  per  cent.,  the 
sulphur  from  0  to  3  per  ceut.,  the  ash  from  1  to  12^  per  cent.,  and 
the  moisture  from  1  to  25  per  cent.  Next  come  the  bituminous 
coals,  in  which  the  carbon  ranges  from  50  to  75  per  cent.,  the 
hydrogen  from  4  to  5^  per  cent,  the  oxygen  from  3  to  20  per  cent. 

Next  come  the  semi-bituminous,  or  as  they  are  sometimes  called, 
the  semi-anthracite  coals,  which  stand  between  the  bituminous  and 
the  para  anthracites.     Striking  examples  of  these  coals  are  the  well- 
known  smokeless  steam  coals  of  South  Wales,  and  tho  Pochahontas 
osli  of  Western  Virginia,  U.S.A.     In  these  coals  the  carbon  ranges 
75  to  90  per  cent.,  the  hydrogen  is  in  the  neighbourhood  of  5 

fi**r  cent.,  and  the  oxygen  from  5  to  7  per  cent. 
In  the  pure  anthracite  coals,  the  carbon  ranges  from  90  to  98  per 
t.,  hydrogen  and  oxygen  making  up  the  remainder. 
Caunel  coal  is  a  distinct  variety,  which  is  of  great  value  for 
making  gas,  as  it  contains  such  a  large  quantity  of  gaseous,  or  vola- 
tile matter.  It  is  of  great  value  commercially  for  gas  making,  but 
is  not  much  employed  for  steam  raising.  Tho  cannel  coals  contain 
from  20  to  55  per  cent,  of  carbon,  and  from  42  to  64  per  cent,  of 
volatile  matter,  and  from  2  to  14  per  cent,  of  ash. 


Cannel  Coal 
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The  Differences  between  the  Coals 

As  already  explained,  the  principal  difference  between  the  cools, 
so  far  as  steam  raising  is  concerned,  is  the  quantity  of  carbon  and 
hydrogen,  ash  and  moisture  they  contain  respectively.  But  there 
are  other  distinguishing  features.  Thus  bituminous  coals  are  so 
called  because  on  heating,  in  a  closed  vessel,  liquid  bituminous  sub- 
stances are  given  off.  The  bituminous  coals  are  very  largely  used 
for  raising  steam,  but  they  have  not  such  a  high  value  as  the  seiui- 
bituminous  and  anthracite  coals.  The  bituminous  coals  bIb 
tain  considerable  quantities  of  volatile  matter  in  the  form  of  hydro- 
carbons, and  it  is  the  hydrocarbons  which  largely  go  to  make  sim'kr, 
and  which  are  therefore  wasted  when  they  appear  as  smoke.  As 
will  be  explained  later,  one  of  the  difficulties  of  the  boiler  maker  and 
the  boiler  attendant,  is  the  complete  combustion  of  the  volatile 
matter  in  some  of  the  coals,  notably  the  bituminous  variety.  Unless 
the  whole  of  the  volatile  matter  is  completely  burned,  completely 
oxidized,  it  passes  through  the  furnace  and  the  boiler  Hues,  doing 
very  little  good  in  the  way  of  heating  the  water  and  the  steam,  aud 
then  passes  out  into  the  atmosphere,  and  gives  rise  to  the  smoke 
are  familiar  with. 

In  the  semi-bituminous  coals  the  hydrocarbons,  so  largely  p: 
in  the  bituminous  coals,  are  almost  absent,  and  hence  the  claim  ftn 
smokelessness  raised  by  South  Wales  coal-owners.  In  Nature's  labo- 
ratory, many  hundred  yards  below  the  surface  of  the  ground,  the 
vegetable  matter  of  the  plants  from  which  the  coal  is  formed  is 
gradually  clianged,  the  hydrocarbons  being  apparently  first  separated 
from  the  carbon,  but  held  in  the  coal,  ready  to  give  way  with  a  slight- 
application  of  heat,  and  at  a  further  stage  the  hydrocarbons  are 
decomposed,  the  percentage  of  carbon  being  increased,  and  the  gase* 
which  are  found  in  such  large  quantities  in  semi-bituminous  and 
anthracite  coal  seams  are  formed,  and  are  held  under  very  consider- 
able pressure,  within  the  pores  of  the  coal,  ready  to  give  out  immedi- 
ately the  pressure  is  lowered. 

In  the  anthracite  variety  the  process  is  complete,  a3  far  as  Nature 
IS  able  to  carry  it,  and  the  coal  consists  almost  entirely  of  carl 
with  the  gases  mentioned  held  in  its  pores. 


Carbon  and  Volatile  Matter  in  Coals 


In  referring  to  the  different  qualities  of  coal  above,  the  term 
"  volatile  matter"  was  used,  and  it  will  lie  found  in  every  description 
of  coals  that  is  met  with.     The  moaning  is  as  follows.     There  are 
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three  methods  of  testing  the  calorific  value  of  any  fuel,  known 
respectively  as  proximate  analysis,  ultimate  analysis,  and  calori- 
metry.  In  the  proximate  analysis  a  small  quantity  of  the  fuel  is 
subjected  to  a  temperature  of  from  250°  to  300°  F.  to  expel  mj 

»  moisture  that  may  be  present,  anil  it  is  than  heated  to  redness,  the 
volatile  matter  being  driven  off  at  this  temperature.  After  tlio  vola- 
tile matter  lias  been  expelled,  the  residue  is  further  healed  to  a  white 
heat,  at  which  temperature  the  carbon  present  combines  with  oxygen, 
and  passes  off  as  carbonic  acid.  The  residue  is  weighed  after  eai  b 
operation.  The  percentage  of  the  original  sample  remaining  after 
heating  to  redness  is  given  as  a  percentage  of  carbon.  The  dinen 
between  the  weight  of  the  sample  before  heating,  end  its  weight  after 
the  moisture  has  been  driven  off,  is  evidently  the  weight  of  moisture 
present.  The  difference  between  this  weight  and  thai,  after  heating 
to  redness  is  the  quantity  of  volatile  matter.  The  difference  betwt m 
the  weight  remaining  after  heating  to  redness,  and  thai,  ul'icr  tho 
carbon  has  all  been  oxidized,  is  the  weight  of  carbon,  and  the 
rt'iitaiiult'i  i>  ilir  weight  of  ash.  It  is  usual  to  express  tho  quantities 
as  percentages.  The  volatile  matters  are  the  hydrocarbons  mentioned 
above. 

tin  ultimate  analysis  the  actual  percentages  of  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur  of  ash  are  accurately  determined,  ana  in 
estimating  the  heating  value  of  a  given  fuel,  it  is  these  quantities 
that  are  employed,  Dulong's  formula,  given  above,  being  employed. 


Calorimetry 


It  will  be  evident,  however,  that  milln  i  the  proximate  analysis 
nor  the  ultimate  analysis  can  give  an  accurate  estimate  of  tho 
heating  value  of  a  fuel,  because  neither  of  them  show  how  the 
different  elements  are  combined  in  the  fuel,  and  their  combination  has 
a  most  important  bearing  upon  their  heating  value.  Combustion,  as 
explained,  is  a  chemical  operation,  and  nearly  all  chemical  operations 
in  which  heat  is  either  liberated  or  absorbed,  are  mado  up  of  several 
subsidiary  operations,  some  of  which  liberate  heat,  and  some  of  which 
absorb  heat,  the  final  result  being  the  algebraical  sum  of  the  whole 
of  the  operations.  In  the  great  majority  of  cases,  when  two  sub- 
stances combine,  particularly  when  a  solid  combines  with  a  gas,  heat 
is  liberated ;  and,  on  the  other  band,  when  a  compound  is  split  up 
into  its  components,  heat  is  absorbed.  As  the  different  elements 
contained  in  coal  may  be  present,  partly  in  combination  with  cadi 
iier,  partly  in  the  free  state,  both  the  ultimate  and  proximate 
analyses  can  only  give  an  approximate  measurement  of  the  calnriiir. 
value  of  the  fuel.     A  nearer  estimate  is  obtained  by  the  use  of  the 
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calorimeter,  of  which  there  are  several  forms.  The  principle  of  Efae 
calorimeter  is  the  heating  of  a  definite  quantity  of  water  by  the  oom- 
bustion  of  a  definite  quantity  of  the  fuel  to  be  tested.  The  calorimeter 
consists  of  a  vessel  containing  a  definite  quantity  of  water.  Inlone 
form  the  quantity  of  water  is  2  litres,  equal  to  352  pints.  The  vessel 
containing  the  water  is  carefully  insulated  thermally,  from  the  ingress 
or  egress  of  heat,  and  a  smaller  vessel,  sometimes  called  a  cartridge, 
in  which  the  fuel  is  to  be  placed,  is  inserted  in  the  vessel  containing 
the  water.  The  fuel  is  ground  to  a  powder,  sufficiently  small  to  pa*s 
through  a  sieve  of  100  meshes  to  the  inch,  and  is  dried  before  being 
placed  in  the  cartridge.  A  thermometer  is  fixed  in  the  vessel  con- 
taining the  water,  its  stem  projecting  above,  so  that  its  indie, 
can  be  read,  and  the  vessel  containing  the  fuel  is  also  arranged  on 
pivots,  so  that  it  can  be  rapidly  revolved.  Different  arrangement! 
are  made  for  igniting  the  fuel  after  everything  is  ready.  The  fuel  is 
burned  under  the  conditions  named  above,  and  the  rise  of  temperature 
of  the  water  is  taken,  this  furnishing  a  definite  measurement  of  the 
heating  value  of  that  particular  fuel.  The  measured  results  by 
calorimt'liM-,  smd  thn  calculated  results  from  Dulong's  formula,  do  not 
vary  to  any  great  extent,  if  care  is  taken  in  the  experiment.  I 
a  list  of  measurements  taken  with  W.  Thomson's  calorimeter,  as 
compared  with  the  calculated  values  from  the  ultimato  analysis  Of 
different  English,  Welsh,  and  Scutch  coals,  the  differences  range 
from  U'3  per  cent,  up  to  10  per  cent.,  the  average  of  the  cases  taken 
being  a  difference)  of  only  1  per  cent. 


Wood 

In  certain  parts  of  the  world,  notably  California,  large  portions 
Am;i.  Africa,  and  South  America,  there  is  no  coal  available,  the  cost 
of  freight  from  the  nearest  coal  field  is  very  high,  and  consequently 
in  those  districts  where  wood  is  plentiful,  it  has  been  largely  used  as 
a  fuel  for  raising  steam.  As  will  be  seen  when  dealing  with  boileH, 
special  arrangements  are  necessary  for  burning  wood,  and  the  wood 
itself  has  not  the  same  calorific  value  as  any  of  the  fonus  of  coal  lhat 
have  been  mentioned,  or  peat.  The  composition  of  wood  ranges  from 
48  to  50  per  cent,  of  carbon,  about  G  per  cent,  of  hydrogen,  from  39 
to  44  per  cent,  of  oxygen,  a  small  quantity  of  nitrogen,  anil  from 
2  to  4  per  cent,  of  ash,  the  calorific  value  ranging  from  7800  B.  Th. 
units,  up  to  9000.  It  will  be  noticed  that  the  proportion  of  oxygen 
is  Yrry  large,  so  that  the  hydrogen  present  is  practically  neutralized. 
Wood  contains  from  20  to  25  per  cent,  of  moisture,  even  when  It  i^ 
what  is  known  as  air  dried.  In  its  natural  condition  when  felled, 
the  moisture  present  ranges  from  30  to  50  per  cent,  by  weight,  [his 
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amount  being  reduced  to  from  20  to  25  per  cent,  if  the  wood  ia 
exposed  to  an  air  current  for  a  considerable  time.  The  large 
percentage  of  moisture  present  seriously  reduces  the  practical  heat- 
ing value  of  wood  as  a  fuel,  since  fibs  moisture  has  to  be  railed 
to  the  temperature  at  which  steam  is  formed,  and  has  also  to  be 
converted  into  steam  at  the  expense  of  the  heat  liberated  by  the 
combustion  of  the  remainder  of  the  components.  The  net  calorific 
value,  therefore,  of  air-dried  wood  will  not  exceed  6500  R.  Th.  unit* 
per  pound,  and  that  of  wood  when  first  felled  will  be  in  the  i 
hood  only  of  40U0  B.  Th.  units.  The  calorific  values  of  the  dill 
woods  vary  very  little  among  themselves,  though  the  specific  gravity 
varies  very  considerably,  from  04  up  to  1*0.  Wood  is  sold  by  the 
cord  in  America,  and  by  what  is  known  as  string  measure  in  this 
country,  and  the  comparative  values  of  a  certain  quantity  of  wood 
will  vary  with  its  specific  gravity.  Thus  any  given  quantity  by 
measure  of  the  lighter  woods,  such  as  pine,  poplar,  chestnut,  sycamore, 
cedar,  etc.,  will  have  only  approximately  half  the  calorific  value  of  a 
similar  quantity  by  measure  of  the  heavier  woods  such  as  otk 
hickory,  while  beech  and  ash  will  have  about  three  parts  the  calorific 
value  for  the  same  quantity  by  measure. 


Spent  Tan,  Straw,  Bagasse,  Corn  Stalks,  and 
other  Organic  Refuse 

There   are   several  forms  of  fuel  that  are  employed  for  | 
raiding  that  are  the  refuse  from  different  industries,  such  as  tannin  | 
wheat  and  barley  growing,  sugar  production,  cotton  growing,  ami 
others.     All  of  them  arc  organic  substances,  that  is  to  aay,  they  all 
contain  carbon  and  hydrogen,  as  well  as  oxygen,  nitrogen,  and  ash. 

Spent  Tan  is  the  fibrou3  portion  of  oak  hark  that  remains  after 
the  tan  itself  has  beeu  employed  in  the  tanning  industry.     When 

Btjj  dry  it  has  a  caloritic  value  of  about.  W00  B.  Th.  unil 
pound,  hut  it  usually  contains  about  30  per  ceut.  of  moisture,  and  iu 
calorific  value  thereby  reduced  to  about  4000  B.  Th.  units  per  pound. 

Straw. — The  average  composition  of  straw  is  as  follows:  carbon 
36  per  cent,  hydrogen  5  per  cent., oxygen  38  per  cent,  ash  5  percent., 
■  intaU  quantity  of  nitrogen,  and  water  about  16  per  cent.  The 
calorific  value  is  in  the  neighbourhood  of  5000  II.  Th.  units  per 
pound  when  dry,  but  the  net  calorific  value  will  not  much  exceed 
4000  B.  Th.  units. 

Bagasse,  or  as  it  is  sometimes  called,  Megaase,  is  the  husk  of  the 
ngV  cane,  from  which  the  juice  has  been  extracted.  The  usual 
process  is,  the  canes  are  passed  between  rollers,  the  juice  being 
squeezed  out  of  thein,  as  far  as  possible,  and  the  husk,  which  consists 
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of  woody  fibre,  is  employed  for  raising  steam.  Bagasse  has  a  two 
fold  value  as  a  fuel.  The  woody  fibre  consists  of  carbon,  hyd 
etc.,  like  the  other  substances  that  have  been  mentioned,  and 
addition,  it  is  impossible  with  the  methods  employed,  to  extract 
the  juice  of  the  sugar,  and  this  has  a  calorific  value  of  its  o 
From  8  to  15  per  cent,  of  sugar  remains  in  the  bagasse  after  passing 
through  the  rolls,  and  its  composition  ranges  from  40  to  60  per  cent. 
of  woody  fibre,  from  7  to  9  per  cent,  of  sugar,  and  from  40  to  50  per 
cent,  of  moisture. 

The  calorific  value  of  the  woody  fibre  in  the  bagasse  is  in  the 
neighbourhood  of  8000  B.  Th.  units  per  pound  of  bagasse,  and  bhfl 
caloriiic  valuo  of  sugar  and  molasses  is  approximately  7000  B.  Th. 
units  per  pound.  The  calorific  value  of  bagasse  therefore,  apart  from 
the  presence  of  moisture,  would  be  in  the  neighbourhood  of  7500  B.  Th. 
units  per  pound,  but  from  this  must  be  subtracted  the  heat  required 
by  the  moisture,  so  that  the;net  calorific  value  may  be  as  low  as  3750 
B.  Th.  units.  With  excessive  moisture,  as  where  careless  or  inctli- 
cient  milling  rules,  the  calorific  value  of  the  bagasse  will  vary 
proportionately. 

Cotton — The  stalks  from  the  cotton  trees  have  a  calorific  value 
of  about  4000  B.  Th,  units  when  dry,  any  moisture  that  is  p 
reducing  the  value,  as  already  explained. 

In  America  corn  and  maize  have  also  been  used  as  fuel  in 
outlying  districts  where  these  substances  were  very  plentiful,  and 
other  fuel  was  not.     The  calorific  valuo  of  corn  is  in  the  neighbour- 
hood of  8000  B.  Th.  units. 

Sawdust,  dried  manure,  arc  also  employed  as  fuel.  It  will  be 
understood  that  special  forms  of  furnace  are  required  for  burning 
these  substances,  in  order  that  the  proper  quantity  of  air  shall  be 
delivered  to  them. 

Liquid   Fuels 

Petroleum,  coal  tar,  water-gas  tar,  all  have  high  calorific 
and  are  all  employed  for  burning  in  boiler  furnaces,  to  raise  steam. 
Petroleum  is  known  principally  as  the  substance  that  is  burned  in 
oil  lamps,  and  in  oil  engines,  and  in  the  form  of  a  distillate  in  the 
engines  employed  for  motor-cars.  It  is  found  in  the  liquid  form  in 
several  parla  of  the  world,  in  Russia  and  America  principally,  and  it 
is  also  distilled  from  the  shales  chat  are  found  in  Scotland  and  in 
other  parts.  The  origin  of  petroleum  is  in  dispute.  One  rather 
favourite  theory  is,  that  petroleum  has  been  formed  very  much  as 
coal  has,  but  from  marine  plants.  The  composition  of  petroleum  is 
similar  to  that  of  coal,  but  the  carbon  is  less  than  in  the  anthracite 
forms  of  coal,  while  the  hydrogen  is  very  much  greater,  and  the 
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»n    very  much  Lett.     Ifafi  composition   ranges    from   80  to  87 

I  carbon,  from   ll'O    to  14  per  cent,  of  hydrogen,  and 

■  to  fi  per  cent  of  oxygen.     The  specific  gmvity  rugae  bom 

-.  and  the  calorific  value  from    18,000  to  22000  B. 

!l  units  j>er  pound.     The  petroleum  which  fa  found  in  the  liquid 

tsoaUy  reached  by  -wells,   sunk   to   the   strata  in   wmen 

petroleum  is  found,  and  from  which  it  sometimes  has  to  be 

pumped,  and  sometimes  rises  to  the  surface  without  pumping,  owing 

pressure  to  which   it  is  subject,  just  as  water  rises  in  some 

n  wells.     The  oil  is  frequently  diluted  with  water,  and  when 

may   contain    any   quantity    from    1     to    50    per  cent.      At 

1  well  a,  propeii  arrangements  are  made  for  separating  the  oil 

from  the  water,  and  beat  petroleum  should  not  contain  more  than 

1  percent,  of  water.     The  same  remarks  that  have  been  made  with 

to  the  presence  of  moisture  in  wood  and  other  fuels,  apply 

Ij  to  liquid  fuels.     Any  water  that  is  present,  absorbs  heat 

.mately  in  the  ratio  of  1200  B.  Th.  units  for  every  pound  of  water. 

The  petroleums  are  divided  into  three  groups,  known  respectively 

m  the  paraffin,  asphalt,  and  define.     The  paraffin  group  are  dark 

i  with  a  greenish  tinge,  and   the  oil   is  used   principally  for 

v..     The  asphalt  group,  found  in  California  anil  Texas,  vary 

lour  from  reddish  brown  to  jot  black.     The  oletino  group  aro 

ly  in  Russia.     The  asphalt  and  olefine  groups  are  used 

principally  for  fuel. 

A  gallon  of  petroleum  weighs  in  the  neighbourhood  of  Ci\  lbs., 

the  weight  varying  with  the  specific  gravity  of  the  substance."  The 

prtfoieom,  as  it  comes  from  the  wells,  is  subject  to  a  process  of  dis- 

;  irrly  for  the  purpose  of  removing  foreign  matters,  and 

partly  ,te  the  various  oils  that  are  contained  in  the  petroleum, 

ind  that  are  used  for  illuminating  and  other  purposes,  such  as  gasoline, 

benzine,  and  kerosene.     These  substances  aro  formed  into  vapour  at 

■ratures,  and  hence  can  be  separated  from  each  other, 

uxl  from  the  parent  substance,  by  what  is  called  fractional  distilla- 

, liferent  vapours,  as  they  come  away,  being  condensed  in 

at  vessels.     It  is  the  residuum,  the  substance  remaining  after 

imiaating  and  other  oils  have  been  carried  over,  that  is  used 

iff  fuel;  it  i3  known  sometimes  as  petroleum  refuse. 


Flash   Point  and    Ignition  Point 

are  two  very  important  matters  in  connection  with  the 
of  liquid  fuels,  the  temperature  at  whioh  the  oil  or  fuel 
off  an   inflammable  gas,  and    the   temperature  at   which  it 
.•■uipcratureat  which  an  inflammable  gas  is  given  off 
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is  known  as   the  flash  point,  and  the  flash  point  is  lower  wir 
lighter  oils— those  whose  specifio  gravity  is  low,  and  whoso  illumi- 
nating value  is  comparatively  high — than  with  the  oils  and 
higher  specific  gravity. 

The  process  of  obtaining  oil  from  the  shales  mentioned  abom 
very  similar  to  that  employed  in  separating  the  different  oils 
in  the  liquid  petroleum.     Shale  is  a  substance  somewhat  siiu> 
appearance  to  cannel  coal.     It  is  a  solid,  and  it  is  distilled 
tical  retorts,  tho  products  of  distillation,   the  vapours   which 
formed,  being  condensed  in  the   same  manner  as   those 
liquid  petroleum,  and  these  being  valuable  for  illuminating  oils 
for  fuel. 


Gas  Tar  as  Fuel 


Another  substance  that  is  occasionally  employed  as  fuel,  is  the 
tar  that  is  a  by-product  in  the  generation  of  illuminating  and  Otha 
gases.     When  coal  is  distilled  in  the  gas  retorts  for  the  production 
of  illuminating  gas,  in  addition  to  the  gas  itself,  a  product  comes 
away,  known  generically  as  tar,  from  which  tho  aniline  dyes  and 
other  substances  are  afterwards  produced.     Tin;  tar  is  of  too  higb   I 
commercial  value  to  be  used  as  fuel,  but  it  has  its  own  calorific  v  ilnd 
which  is  found  from  its  composition.     It  am  tains  approximately  H 
per  cent,  of  carbon,  5  per  cent,  of  hydrogen,  4  per  cent,  of  ox 
h  per  oent.  of  sulphur,  and  a  minute  quantity  of  ash,  and  its  car 
value  is  given  as  in  the  neighbourhood  of  15,000  B.  Th.  units.     Tar! 
is  also  produced  in  the  process  of  generation  of  the  various  pro 
gases,  water  gas,  and  others,  and  it  is  also  present  in  blast  furnace 
and  coke  oven  gases.     The  tar  is  carefully  separated  from  the  illui 
nating  gas  before  it  is  allowed    to  pass  iuto    the  gas-holders 
distribution  to  consumers,  and  tho  apparatus  for  its  separation 
tor  I  he  purification  of  the  gas  forms  a  large  portion  of  the  plant 
modern  gas  works.    Similarly  the  gas  produced  from  gas  prodm 
also  separated  from  any  tarry  and  other  products  that  may  be  pi 
and  for  the  reason  that  the  gas  engines  in  which  producer  and  .■(,] 
gases  are  employed  would  soon  have  the  working  of  their  valves 
cylinders  seriously  interfered  with,  if  the  tar  was  allowed  to 
in  the  gas,  as  it  would  bo  deposited  in  valve  passages  on  the 
of  cylinders,  and  so  on.     The  tar  from  gas  producers  and  coke  o1 
etc., has  a  slightly  different  position  to  that  formed  from  illuznin.wi 
gas,  carbon  being  about  92  per  cent.,  hydrogen  6  per  cent.,  nitrogen 
per  cent.,  oxygen  0*7  per  cent.,  sulphur  0'3  per  cent.,  and  a  mini 
quantity  of  ash.     The  calorific  value  is  given  as  about  17,000  B. 
units, 


Plate  [1a. — Galloway  Cornish  boiler,  with  cono  tubes.     Tho  single  central  inside 
flao  and  the  outsudo  brickwork  Alien  are  t-howii. 
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Burning  Liquid  Fuels 

Special  ■mngemBQti  are  necessary  to  enable  liquid  fuels  to  Ikj 
burned,  whether  in  the  furnace  of  a  boiler,  or  in  the  cylinder  of  an 
iiilrni.il  UQmboaUcm  engine.  It  is  really  the  vapnur  which  comes 
away  from  the  surface  of  any  oil,  that  is  used  either  for  heating  or 
illuminating  purposes,  that  is  burned.  It  is  not  the  oil  itself,  until 
it  has  been  converted  into  vapour,  and  the  apparatus  required  for 
enabling  liquid  fuel  to  bo  burned  consists  of  arrangements  for  either 
breaking  it  up,  or  raising  its  temperature,  so  that  it  becomes  vapour. 
Broadly,  there  are  two  methods  of  handling  liquid  fuel— by  breaking 
it  up  into  a  very  fine  spray,  and  in  that  form  mixing  it  with  the  air, 

b  particle  of  the  liquid  seizing  upon  the  quantity  of  oxygen  it 
from  the  atmosphere  surrounding  it;  and  by  raising  I  In- 
temperature  of  a  certain  portion  of  it  to  that  at  which  it  gives  olT 
vapour,  ilif  vaimui  us  it  comes  away  passing  into  a  current  of  air. 

The  difTerent  methods  employed  will  be  described  in  connect  i oo 
with  the  boiler  furnaces.  It  will  be  sufficient  to  mention  hen  thai 
all  liquid  fuels,  oils  and  refuse  of  oils,  and  tars,  require  lo  be  hanrllad 
in  this  way. 

Gaseous  Fuel 

There  are  several  forms  of  gaseous  fuel  employed  for  firing  boiler-*. 
Ordinary  illuminating  gas  may  be  employed  for  the  purpose,  if  it  is 
;iient  in  other  ways,  but  it  is  usually  moro  economical  to  bum 
it  in  the  cylinder  of  an  internal  combustion  engine.  It  should  be 
mentioned  incidentally  that  this  remark  applies  to  all  gaseous  fuols, 
but  as  the  object  of  this  book  is  to  show  all  possible  methods  of 
HNFfttinfl  steam,  and  utilizing  it  for  power,  the  gaseous  fuels  usod 
in  boiler  furnaces  must  1>o  dealt  with. 

In  addition  to  the  ordinary  illuminating  gas,  there  are  the  pro- 
ducer gas  referred  to  below,  blast-furnace  gas,  coko-oven  gas,  and 
uliLit  is  termed  natural  gas. 


Producer  Gas 

The  producer  gases  are  all  made  on  somewhat  the  samo  lines. 
Either  steam,  or  steam  and  air,  are  forced  through  a  mass  of  incan- 
descent fuel,  preferably  anthracite  coal  or  coke,  though  bituminous 
cools  are  also  employed  for  the  purpose.  The  high  temperature  at 
which  the  fuel  is  maintained  decomposes  the  water  into  its  con- 
stitueuU,  oxygen  and  hydrogen,  the  carbon   of  the  fuel  oombbriin 
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with  both  of  them,  and  with  the  oxygen  of  the  atmosphere,  if  the 

air  is  employed  as  well,  tho  result  being  the  formation  of 
largely  consisting  of  carbonic  oxide.  The  composition  of  produca 
gas  varies  with  the  different  methods  of  production,  but  it  will  W 
approximately  as  follows:  carbonic  oxide  2-t  per  cent.,  hydrogen 
8  per  cent.,  carburetted  hydrogen  2  per  cent.,  carbonic  acid  4  par  cant, 
nitrogen  61  per  cent.,  and  a  email  quantity  of  oxygen.  It  is  usual 
to  express  the  calorific  value  of  gaseous  fuel  in  terms  per  cubic  fool 
of  the  gas.  The  calorific  value  of  producer  gas  ranges  from  120  to 
200  B.  T!i.  units  per  cubic  foot. 

The  gas  produced  by  suction  gas  producers  is  not  intended  to 
be  used  with  boiler  firing,  and  cannot  be  employed  unless  special 
arrangements  are  made  to  imitate  the  sucking  action  of  the  interna] 
eombttfltdoo  engines. 

Blast  Furnace  Qas 

Blast  furnace  gae  is  formed  in  the  process  of  smelting  iron, 
What  is  known  as  pig  iron,  from  which  wrought  iron,  steel,  etc, 
is  afterwards  made,  is  produced  in  the  blast  furnace,  a  large  strut  tun. 
nearly  cylindrical,  its  internal  section  being  partly  that  of  an  inverted 
cone,  and  having  a  grate  on  the  bottom  of  the  cone,  on  which  a  fin  Ifl 
lighted.  The  furnace  is  fed  with  the  iron  ore  to  be  smelted,  which 
consists  largely  of  iron  and  oxygen.  A  quantity  of  limestone  is 
employed  as  a  flux  to  enable  the  smelted  iron  to  run  freely,  and  a 
quantity  of  coke,  whose  combustion  supplies  the  heat  necessary  for 
the  melting  of  the  iron  and  ita  separation  from  the  oxygen  and 
impurities.  A  powerful  current  of  air  is  constantly  forced  through 
the  furnace  by  means  of  powerful  engines,  the  current  of  air  being 
known  as  the  blast,  and  hence  the  furnace  being  called  a  blast 
furnace.  The  carbon  in  the  coko  unites  with  the  oxygen  of  the  air 
in  the  blast,  and  also  with  soma  of  the  oxygen  which  is  driven  off 
from  tho  iron  ore,  the  result  being  the  formation  of  a  gaa  containing 
a  large  quantity  of  carlwnic  oxide,  the  gas  coming  away  from  the  top 
of  the  furnace.  A  portion  of  the  gas  is  employed  in  heating  the  air 
which  is  driven  into  the  furnace,  usually  about  half  the  total  quantity 
of  gas  delivered  by  the  furnace,  but  the  remainder  is  available  for 
use  cither  in  internal  combustion  engines,  or  for  combustion  in  1 1 
furnaces  of  steam  boilers.  It  is  employed  very  largely  at  iron  works 
for  raising  steam  to  drive  tho  blast  engine,  though  in  later  praotice 
the  blast  engine  is  an  internal  combustion  engine,  and  the  gas  is  001 
suined  in  its  cylinder.  There  is  usually  some  gaa  remaining  after  tho 
heating  stoves  for  the  blast  and  the  requirements  of  the  blast  engine 
have  been  satisfied,  that  can  bo  employed,  if  desired,  for  raising 
steam.     The  composition  of  blast  furnace  gaa  varies  again,  carbonic 
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oxide  being  the  important  constituent,  and  the  one  upon  which  the 
heating  value  of  the  gas  as  a  fuel  depends.  The  oompoafiaaB  is  u 
follows:  carbonio  oxide,  from  24  to  34  per  oent. ;  carbonic-  acid, 
from  1  to  12  per  cent. ;  nitrogen,  from  57  to  64  per  cent. ;  hydrogen, 
0  to  5  pot*  cent. ;  hydrocarbons,  from  1  per  cent,  downwards. 
It.-,  calorific  value  is  from  120  to  150  B.  Th.  units  per  foot. 


Coke-oven  Gas 

Coke  is  made  very  largely  at  collieries  where  coking  coals  are  pro- 
duced, the  process  1 1  LDg  rm  similar  in  many  respects  to  that  for 
prodmnng  ordinary  illumin-ding  g»is.  The  coke  is  produced  in  coke 
ovens  of  various  forms,  from  small  coal  that  has  been  previously 
washed  to  cleanse  it  from  ash,  sulphur,  and  other  impurities.  The 
ores  is  filled  with  the  small  coal  and  then  closed  up,  the  mass 
.  then  heated,  either  by  some  of  the  gas  produced  from  the  coke 
itself  passing  through  channels  provided  for  it  surrounding  the  oven, 
or  by  the  heat  liberated  by  the  burning  of  the  coal  itself  in  the  oven. 
.her  case  the  production  of  the  coke  consists  in  driving  off  the 
n  Litilc  mutter,  the  gasos  that  are  present  in  the  coal,  leaving  a  mass 
of  nearly  pure  carbon.  In  the  older  forms  of  coke  ovens.  some  of 
which  may  still  bo  seen  in  various  parts  of  the  kingdom,  and  may  bo 
known  by  the  flames  they  emit  from  iln-  topi  of  the  furnaces,  the  gas 
was  allowed  to  pass  away  into  the  atmosphere.  In  tbo  modern  Born 
of  coke  oven  part  of  the  gas  in  employed,  as  explained  above,  in  heat- 
ing the  ovon,  and  the  remainder,  usually  about  half  that  generated, 
is  available  for  use  iu  the  furnaces  of  boilers  or  in  the  cylinders  of 
internal  oombnation  engines,  or  wherever  heat  is  required.  The 
calorific  value  of  coke-oven  gas  is  about  400  B.  Th.  units  per 
cubic  foot. 

Natural  Qas 

By  natural  gas  is  understood  the  gas  that  is  found  free  in  the 
ground,  not  much  iu  this  country,  but  well  known  and  largely  used 
iu  America,  and  that  has  lieen  produced  by  natural  forces,  very  much 
in  the  same  manner  as  coal  and  petroleum  have  been  produced. 
Possibly  the  natural  gas  may  be  emanations  from  the  coal  in 
process  of  natural  distillation.  In  America  natural  gas  is  found 
at  various  depths  talow  the  surface,  is  pumped  from  wells  to  tho 
it  is  to  lie  employed,  and  is  used  there  in  the  same 
manner  as  ordinary  illuminating  goe  would  be  employed.  Its 
composition  varies  with  the  locality,  and  its  calorific  value  necessarily 
varies  with  its  composition.     One  composition  given  is  as  follows  •. 
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marsh  gas,  CH«,  which  is  the  gas  found  in  coal  mines,  72*15  par  oei 
defiant  gas,  CflHj,  which  is  one  of  the  principal  gases  in  ordiru 
illuminating  gas,  0"66  per  cent  ;  ethane,  another  gas  of  the  same 
serins,  C9He*  4  per  cent. ;  carbonic  oxiile,  1  per  cent. ;  carbonic  acid, 
0'3  per  cent. ;  oxygen,  0*4  per  cent.  Its  calorific  value  is  given 
over  900  B.  Th.  units  per  cubic  foot. 


The  Gases  found  in  Collieries 


There  is  another  source  of  fuel  that  at  present  is  both  a 
and  a  danger,  hut  which  in  time  to  come  will  probably  be 
employed  as  a  source  of  power,  viz.  the  gas  which  is  found  in  the 
coal  measures,  and  which  has  been  produced  by  the  distillation  of 
the  organic  substances  contained  in  the  plants  from  which  the  coal 
was  formed,  during  the  ages  since  the  plants  were  buried.  The  gas 
consists  almost  entirely  of  that  known  as  marsh  gas,  having  tin- 
chemical  formula  CH*  It  is  largely  imprisoned  in  the  pores  of  the 
coal  itself,  it  is  thought  in  the  liquid,  and  possibly  oven  in  the 
form,  and  under  very  great  pressure,  with  the  result  that  it  comes 
away  freely  as  the  coal  is  worked  and  the  pressure  to  which  it  it 
subject  is  reduced.  One  great  reservoir  of  this  form  of  natural  gas  is 
found  in  the  coal  fields  of  South  "Wales  in  the  faults  in  the  strata. 
It  was  explained,  in  dealing  with  the  production  of  coal,  that  the  coal 
seams  or  coal  measures  had  been  subject  to  great  disturbing  influences 
from  upheavals  of  the  strata,  from  the  same  causes  that  produce  earth- 
quakes and  the  eruptions  of  volcanos.  The  result  has  been  that  the 
strata  has  been  broken  and  that  the  edges  of  the  coal  seams  have  been 

Presented  to  the  edges  of  other  rocks,  a  very  fine  capillary  space 
eing  present  between  them,  and  in  this  space  the  gas  from  the  coal 
seam  is  apparently  stored.  On  several  of  the  colliery  pit  banks  in 
South  Wales  may  bo  seen  jets  of  gas  burning  day  and  night,  some- 
thing on  the  lines  of  the  flares  that  butchers  favour  on  their  stalls  OB 
Saturday  nights,  the  gas  issuing  from  the  end  of  a  pipe.  These 
flames  are  produced  by  the  gas  carried  by  means  of  these  pipes  from 
the  faults  mentioned  above,  and  it  is  merely  a  step  from  burning 
them  wastefully,  to  storing  them  and  using  them  for  power.  In  oOe 
colliery  in  South  Wales  they  have  been  used  for  some  time,  after 
scrubbing,  for  illuminating  purposes. 
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The  Steam  Boiler 

The  steam  boiler  is  an  apparatus  designed  for  the  conversion  of  water 
into  steam  by  the  aid  of  heat  liberated  by  the  combustion  of  one 
of  the  fuels  that  have  teen  enumerated  in  the  previous  chapter. 
It  is  made  in  a  very  large  variety  of  forma,  all  designed  with  the  view 
of  increasing  its  efficiency,  or  increasing  the  real  efficiency  of  the 
steam  plant  as  a  whole,  by  decreasing  the  repairs  and  the  attendants' 
bill.  All  of  them  must  contain  a  space  in  which  water  is  carried, 
and  to  which  a  continuous  supply  of  water  can  be  added  as  that 
1  i-i  converted  into  steam.  They  must  also  contain  a  space  in 
which  the  steam  that  is  generated  can  be  stored  until  it  is  drawn 
away  to  the  engines  or  turbines  that  use  it.  They  must  also  have 
some  arrangement  for  the  burning  of  the  fuel  that  is  to  be  ein- 
plpyed  u  the  source  of  beat.  The  question  of  economical  con- 
sumption of  the  fuel,  and  of  the  utilization  of  the  largest  proportion 
i»t'  the  hat  liberated  by  the  combustion  of  the  fuel,  is  responsible  for 

e  principal  designs  of  the  various  boilers.  When  we  examine  the 
question  of  the  combustion  of  any  fuel — say,  for  example,  that  of  coal 
in  inir  domestic  grates — we  find  that  it  is  exceedingly  wasteful.  As 
explained  in  the  first  chapter,  heat  is  liberated  by  the  combination, 
principally  of  the  carbon  and  hydrogen  in  the  fuel,  with  the  oxygen 

f  the  atmosphere  that  is  supplied  to  the  fuel,  the  mass  of  fuel  and 

the  air  supplied   to  ii   being  converted  nearly  all  into  gas,  the  inure 

the  whole  can  be  converted  into  gas  the  more  economical  being 

the  proOBM  "I  Dorabustxan,  and  the  more  easily  the  furnaces  in  which 

the   fuel  is  burned  being  worked.      But  it  follows  tliat  the   heat 

berated   by  the    burning  fuel  it*  almost    entirely  delivered  to  the 

es  that  are  formed  from  it  and  those  of  the  air  that  are  present 

are  not  in  combination;  aud  in  tin-  CaM  ol  the  domestic  firc- 

•  these  :_r;i.ses  pass  directly  op  the  ohimney,  bhe  major  portion 

beat  liberated  passes  there  also,  only  a  small  aja&ntU?  of  tibft 
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total  hoat  passing  out  into  the  room,  by  radiation  from  the  gl 
coals,  or  from  the  flames  that  are  produced  as  the  coal  burns.     The 
enormous  waste  involved  in  the  burning  of  coal  in  the  ordinal 
grate  will  be  appreciated  when  it  is  pointed  out  that  the  combustion 
of  1  o'/„  of  coal,  measuring  about  2  cubic  inches,  should  be  sunV.iwit 
to  raise  half  a  gallon  of  water  to  boiling-point   or  to  raise   ttifl 
temperature  of  the  air  of  a  room  of  4000  cubic  feet  10°  F.     We  know- 
perfectly  well  from  our  experience  that  the  combustion  of  the  oams 
of  coal,  consisting  of  a  small  knob  that  we  throw  on  the  firo,  will  do 
nothing  of  the   kind,  and    the   reason    is  as  sf.iicd  above.      In  i-aily 
forms  of  boilers  something  of  the  same  kind  of  waste  took  pla<< 
successive  advances  have  been  made,  the  object  of  all  of  which  bat 
been  to  utilize,  as  far  as  possible,  the  whole  of  the  heat  delivered  to 
the  gases.     For  this  purpose  the  hot  gases  are  not  alinw.-d  i<-  j.,*.- 
immediately  to  the  chimney,  but  are  taken  to  it,  in  all  forms  of  boiler, 
by  a  more  or  less  circuitous  path,  in  the  course  of  which  they 
over  metal  surfaces,  on  the  other  side  of  which  are  placed  bodies 
water,  to  which  the  bent  is  transmitted,  and  from  which  steam  is 
formed. 


Circulation  in  Boilers 


Another  important  matter  in  connection  with  the  heating 
water,  is  that  of  the  circulation  of  the  water  within  the  boiler.  It 
was  pointed  out  iu  the  first  chapter,  that  when  liquids  or  gages  ore 
heated  they  expand,  a  given  volume  in  contact  with  the  healing 
surface,  becoming  lighter  than  the  surrounding  equivalent  volumes. 
is  pushed  away  from  the  heating  surface,  other  portions  of  tho  liquid 
or  the  gas  takiug  their  places,  and  convection  currents,  as  they  are 
called,  being  thereby  set  up,  enabling  the  mass  of  water  or  gas  to 
heated  all  over.  In  addition,  it  may  be  pointed  out  thai  when  wh 
is  in  contact  with  a  metallic  surface,  on  the  other  side  of  which  is 
source  of  heat,  minute  globules  are  formed  on  the  heated  surfi 
Which,  unless  they  are  enabled  to  got  away  by  the  action  q£ 
convection  currents  mentioned,  resist  the  passage  of  the  heat  1* 
the  metallic  surface  to  the  water  beyond  them.  Hence  it  is  of 
importance  that  the  water  in  a  boiler  should  be  kept  continually  in 
motion,  and  this  requirement  has  caused  the  development  of  some  of 
the  designs  of  boilers  that  will  be  described.  One  point  that  had 
better  be  mentioned,  as  it  is  a  very  striking  one,  is  that  if  heat  is 
delivered  to  the  whole  body  of  the  water,  or  to  the  upper  portion-, 
very  little  circulation  takes  place,  and  water  being  a  poor  conduc 
of  hoat  when  not  assistod  by  convection  currents,  the  hoat  does 
easily  reach  the  lower  portions  of  the  mass  of  water,  and  any  arrange* 
ment  of  the  kind  must  nocessarily  bo  very  wasteful.     This  ap 
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to  a  smaller  extent,  to  heal  applied  to  the  sides  of  a  mass  of  water. 
The  best  poaitiOIl  for  any  source  of  heat  applied  to  raising  steam 
from  water,  is  on  the  lower  part  of  the  body  of  water.  The  domestic 
tea  kettle  is  the  must  striking  instance  of  this.  On  the  other  hand, 
as  will  be  explained,  the  structural  requiiv.rurnis  of  the  vessel,  or 
groups  of  vessels,  of  which  boilers  are  constructed,  require  the 
presence  of  water  in  certain  part?  of  the  boilar,  where  circulation 
is  not  easy.  Instances  of  this  are,  the  lower  part  of  the  Lancashire 
boiler  below  the  furnace,  and  the  back  of  the  marine  boiler,  as 
used  on  board  ship.  These  points  will  be  explained  more  fully 
when  describing  the  different  boilers,  but  it  may  be  mentioned 
here,  that  one  of  the  most  important  matters  in  connection  with 
the  construction  of  a  steam  boiler,  is  to  arrange  for  the  expon- 
taona  and  contractions  that  take  place  in  the  metals  of  which  the 
boiler  is  composed,  tho  expansions  being  very  great  with  the  very 
high  temperatures  present  in  some  parts  of  the  boiler,  and  also  to 

Eavide  for  tho  differences  in  expansion  of  different  parts  of  tho 
iler,  owing  to  the  different  temperatures  to  which  they  are  exposed. 
Another  important  point  in  all  boilers,  is  to  ensure  that  water  shall 
be  present  on  the  opposite  sides  of  the  surfaces  that  are  exposed  to 
the  highest  temperatures. 


Fire-tube  Boilers 

The  earliest  forms  of  boiler  used  in  modern  times  were  those 
now  known  as  fire-tube,  to  distinguish  them  from  the  water-tube 
boilers  that  have  come  so  largely  into  use  during  recent  years.  Fire- 
tube  boilers  may  be  divided  into  Cornish  boilers,  Lancashire  boilers, 
and  multitubular  boilers,  each  of  these  forms  being  designed  with  the 
object  of  providing  a  path  for  the  hot  gases  through  them,  of  such 
a  nature  that  tho  heat  can  be  easily  extracted  from  the  gases,  and 
delivered  to  the  water,  on  their  way  to  the  chimney.  The  Cornish  and 
Lancashire  boilors  are  very  similar  in  construction  up  to  a  certain  point. 
In  each  there  is  a  cylindrical  shell  forming  a  receptacle  for  the  water 
and  the  steam.  In  the  Cornish  boiler  a  portion  of  the  cylinder  is 
taken  for  the  provision  of  the  space  required  for  the  furnace,  and  for 
the  flue  through  which  the  furnace  gases  are  to  pass  on  their  way  to 
the  chimney,  and  through  which  they  are  to  deliver  their  heat  to  the 
water  in  the  boiler.  In  the  Lancashire  boiler  there  are  two  such  spaces 
taken  out  of  the  cylindrical  vessel,  for  two  furnaces  and  two  flues. 
In  both  the  Cornish  and  Lancashire  boilers  the  spaces  taken  for  the 
furnaces  and  flues  are  cylindrical,  that  for  the  Cornish  boiler  in  the 
earlier  forms  being  roughly  double  that  of  oue  of  the  Lancashire. 
In  both  forms  of  boilers  the  cylinders  forming  the  Hues  have  the 
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furnaces  consisting  of  grate  bars  of  various  forms,  fixed  at  one  end, 
the  grate  liars  being  placed  a  little  above  the  middle  of  the  flue 
cylinder,  and  sloping  slightly  towards  the  other  end,  as  shown  in 
Fig.  5.  At  the  end  of  the  grate  bars  a  fire-brick  bridge  is  usually 
built,  as  shown  in  the  figure,  which  becomes  white-  hot  from  the 
passage  of  the  hot  gases  over  it,  and  assists  in  ensuring  the 
plete  combustion  of  the  fuel.  The  hot  gases  formed  by  the  combustion 
of  the  fuel  and  the  air  with  which  it  combines,  pass  from  the  fire- 
grate over  the  bridge  and  through  the  flues  in  both  the  Cornish  and 
Lancashire  boilers,  to  the  opposite  end  of  the  boiler,  and  from  there  are 


iii.  6.  Sootional  Drawing  of  internally  lirod  "Cornish"  and  Multitubular  Boiler, 
made  by  Messrs.  Marshall.  The  Hot  Gases  puss  from  the  Control  Boiler  Fine 
through  the  Tubes  at  the  book,  thence  through  the  Under  and  Side  F1ue«  to  the 
Chimney.  A  Section  of  the  Furnace  la  shown,  at  the  front  of  the  Boiler,  and  it 
will  be  noticed  how  the  Fire-bars  slope  inwards  towards  tho  Bridge. 


usually  brought  under  the  lower  surface  of  the  boiler  to  the  furnace 
end,  and  when  a  little  way  from  the  front  are  divided,  half  of  the 
gases  passing  on  each  side  of  the  outer  shell  of  the  boiler  to  the 
end  again,  where  they  pass  to  the  chimney.  As  shown  in  Ffgs  E 
and  6,  and  Plates  2a,  2b,  and  2c,  fire-brick  flues  are  built  round 
the  outside  of  both  Cornish  and  Laucashiro  boilers,  the  boQef 
shells  being  bdd  between  tin*  edges  of  a  row  of  fire  bricks,  and 
the  remainder  of  the  bricks  l>eing  arranged  to  provide  the  external 
flues,  through  which  the  hot  gases  pass  as  described.  In  both 
Lancashire  and  Cornish  boilers,  it  will  bo  seen  the  hot  gases  pass 
l ; 1 1 1'< -    times  from    end    txi  'end   of  the  boiler,  from  the  rural 
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the  back  end,  from  the  back  end  to  the  front  end  under  tb« 
boiler,  and  from  the  front  end  to  the  back  end  again  by  way  of 
the  side  flues.  It  will  be  understood  that  the  cylindrical  vessels 
forming  both  the  Cornish  and  Lancashire  boilers,  contain  weta 
up  to  a  certain  level,  usually  several  inches  above  the  tops  of  the 
flues,  this  l>eing  a  very  important  point.  The  crowns  of  the  furnaces 
in  particular,  as  the  upper  portion  of  the  cylinders  formiu 
furnaces  aud  flues  are  called,  should  always  have  a  subs:, 
quantity  of  water  lying  on  them,  so  that  the  crowns  them 
should  not  reach  a  dangerous  temperature.  The  water  lying  on  i!k- 
furnace  crowns  carries  off  the  heat  as  it  is  delivered  to  the  furnace. 
Water  lies  all  round  the  cylindrical  flues,  and  it  lies  on  the  inside 
of  the  boiler  where  the  bottom  and  side  flues  are  built,  and  therefore 
thfi  hot  gases  passing  through  the  outside  flues  arc  able  to  transmit 
the  beat  they  possess,  through  the  outer  metal  surfaces  to  the  waier 
on  tho  inside. 

It  will  lie  noticed  from  tho  above,  aud  it  will  be  seen  more  clearly 
from  tho  Figs,  and  l'latos  mentioned,  that  there  is  one  part  of  the 
cylinders  of  both  Cornish  aud  Lancashire  boilers  over  which  the  hot 
gases  do  not  pass,  viz.  the  segment  forming  the  upper  portion.  It 
that  portion  iu  which  the  steam  generated  is  contained,  and  it  is 
rule  in  boiler  construction,  and  boiler  working,  that  the  steam  space 
is  not  to  be  exposed  to  the  hot  gases,  and  vessels  containing  steam 
are  not  to  l>e  exposed  to  heat,  except  in  the  case  of  the  I  \ 
arrangements,  described  later,  for  superheating  the  steam.  This 
upper  portion  of  the  boiler  should  be  covered  with  a  thermal  insu- 
lators, so  that  the  heat  present  in  the  steam,  which  is  communicated 
to  the  boiler  shell,  should  not  lw  lost  by  radiation,  as  it  is  if  no 
protection  is  provided  for  it.  Tho  importance  of  covering  this  space 
with  a  thermal  insulator,  and  of  covering  steam  pipes,  ns  will 
explained  later,  will  bo  seen  from  tho  fact  that  each  square  I 
boiler  or  pipe  surface  radiates  when  unprotected  by  thermal  insulato 
2812  B.  Th.  units  per  hour,  for  every  degree  difference  of  tern 
ture  between  itself  and  the  temperature  of  the  surrounding  at 
sphere  (Siebel).  Taking  the  temperature  of  the  atmosphere  in 
country  as  averaging  60°  F.,  with  steam  of  150  lbs.  gauge  pressure, 
this  would  mean  a  radiation  of  300  times,  2*812  B.  Th.  units  for 
each  square  foot  of  surface  exposed;  or,  again,  taking  the  case  of  a 
Lancashire  boiler  8  feet  in  diameter,  and  30  feet  long,  the  area  exposed 
to  radiation  would  be  about  200  square  feet,  and  this  would  mean,  with 
average  temperatures,  a  loss  by  radiation  of  168,720  B.  Th.  units  per 
hour,  and  with  some  winter  temperatures,  of  much  more.  From  Fig.  5, 
it  will  be  seen  that  in  the  water  lying  on  top  of  the  furnace  crowns 
receives  the  largest  amount  of  heat,  that  lying  on  top  of  the  flues 
beyond  receiving  the  next  largest,  that  by  the  side  of  the  furnaces 
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nd  flues  the  next,  while  tlie  remainder  of  tbe  water  in  the  boiler 
gradually  leas  and  less  beat,  as  the  temperature  of  the  gaaes 
over  the  metal  separating  it  from  them  decreases.  It  will 
noticed  also  that  portions  of  the  water  in  tbe  boiler  are  placed 
etween  two  hfittinff  surfaces,  th;it  at  ihe  sides  and  between  the 
ues  and  furnaces.  But  while  the  water  at  the  bottom  of  the  boiler 
is  also  between  the  bottom  of  the  flues  and  the  lower  surface  of  the 
boiler,  and  is  exposed  to  the  hot  cases  as  they  pass  from  the  back  of 
the  Buefl  to  the  front,  it  receives  very  little  heat  from  the  furnaces 
and  main  Hues.  From  the  figures  it  will  be  seen  that  it  can  receive 
practically  no  heat  from  the  furnaces,  because  the  ash-pit,  which 
forms  about  half  of  the  area  of  the  furnace,  and  which  is  occupied 
practically  by  hot  air  only,  is  interposed  between  the  fire-bars  on 
which  the  burning  fuel  rests,  and  the  bottom  of  the  furnace.  In 
addition  to  this,  the  natural  tendency  of  hot  fluids,  using  the  term 
in  its  scientific  sense  to  mean  liquids  and  gases,  to  rise  when  heated, 
keeps  the  hot  gases  in  the  flues  to  their  upper  portions,  and  therefore 
[Lie  heal  passes  from  them  to  the  water  below.  As  will  he 
teen  later  on,  this  is  not  altogether  an  unmixed  evil.  As  explained 
in  the  first  chapter,  the  water  available  for  lioilers  is  only  pure  wfaefl 
it  is  evaporated  specially  for  the  purpose,  or  when  the  condensed 
exhaust  steam  is  used  again,  and  only  then  after  it  lias  l»een  subjected 
to  a  process  of  purification.  Hence  it  is  of  importance  that  there 
should  be  some  part  oF  the  boiler  where  the  fanrigD  bodies  present 
in  the  water  can  deposit,  with  as  little  harm  as  possible,  and  in  the 
Lancashire  and  Corniah  boilers  the  bottom  of  the  boiler  is  the  place 
where  foreign  matter  falls.  A  mud  hole,  as  it  is  called,  as  shown 
in  Figs.  5  and  6,  and  Plates  1a,  2a,  2b,  and  2c,  and  sometimes  a  mud 
drum,  is  fixed  at  a  convenient  part  of  the  bottom  of  the  boiler, 
usually  at  the  back  end,  for  the  purpose  of  getting  rid  of  all  these 
foreign  substances,  the  deposit  heinu  periodically  blown  out  by  tho 
scum  cock  provided  for  tho  purpose. 

On  the  other  hand,  tbe  question  of  :he  circulation  in  the  boiler 
is  a  very  important  one,  and  for  that  reason  a  number  of  adjuncts 
li.ive  been  added  to  Itoiler  plant,  all  aiming  at  carrying  the  water 
from  the  lower  part  of  the  boiler  to  the  upper  part,  and  that  above 
Ut  the  lower  part,  the  object  of  this  being  the  more  efficient  working 
of  the  boiler,  and  the  more  even  distribution  of  temperatures. 


The  Galloway  Cone  Tubes 


»One  of  the  earliest  methods  of  increasing  the  circulation  of  the 
water  in  the  boiler,  and  at  the  same  time  of  increasing  the  extent 
of  rnetal-heating  surface  in  the  boiler,  was  the  Galloway  tube. 

It  will  have  been  noticed,  in  tbe  description  given  above  o£  \,\va. 
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path  of  the  gases  generated  in  the  boiler  furnace,  that  in  both  Lanca- 
shire and  Cornish  boilers  one  object  endeavoured  to  be  attained  wag, 
the  exposure  of  tho  largest  water  surface  to  metal  plates,  on  tho  other 
side  of  which  the  hot  furnace  gases  were  passing,  every  part  of  th 
boiler  in  which    water  is   present,  it  will  be   remembered, 
traversed  by  the  hot  gases  before  finally  {Missing  to  the  chimney 
One  advantage  possessed  by  the  Lancashire  boiler  over  the  Coroisli 
boiler  is,  the  fact  that  practically  double  the  heating  surface,  as  it  is 
termed,  the  hot  metal  surface  against  which  water  presses,  is  present 
The  Galloway  tube,  which  was  introduced  first  as  a  simple  cylindrical 
tube,  and  afterwards  as  one  having  the  shape  of  a  frustrum  of  a  cone, 
was  brought  out  as  far  back  as  1849.     It  was  made  iu  conical  form 
in  1851,  and  after  passing  through  the  usual  developments,  has  finally 
settled  down  to  the  form  at  present  employed,  in  which  the  dim 
of  the  upper  end  is  twice  (hat  of  the  smaller  end,  the  figures  being 
usually  10  J  inches  diameter  at  tho  top  and  54  inches  at  the  bottom, 
anil  with  very  small  flues  9  inches  at  the  top  and  4£  inches  on  ihu 
bottom.    The  Galloway  cone  tubes  are  now  employed  in  large  numbers 
of  both  Cornish  and  Lancashire  boilers,  and  they  are  fixed  in  the 
flues  beyond  the  furnace  in  varying  numbers,  according  to  the  design 
of    tho  different  makers.      Fig.  G,  and  Plates  1a,  2a,  2b   and  3a, 
show  the  arrangement  of  the  ordinary  Cornish  and  Lancashire  boilers, 
with  the  cone  tubes.    It  will  be  understood  from  what  has  been  said, 
that  the  cone  tubes  increase  the  space  occupied  by  the  water  with 
any  given   size  of  boiler,  and  they  also  increase  tho  motal  surface 
exposed  to  the  hot  gases,  having  water  on  the  other  side.    The  presence 
of  the  cone  tubes  also  furnishes  paths  for  the  wuter  to  pass  from  tho 
bottom  to  the  top,  and  vice  versa,  and  so  considerably  aids  the  circula- 
tion, thereby  increasing  the  efficiency  of  the  boiler  as  a  whole.     In 
addition  to  this,  the  presence  of  the  cone  tubes  materially  strengthens 
the  boiler  flues.     It  will  be  understood  from  the  sectional  drawings 
in  Figs.  5  and  6,  and  Plates  1a,  In,  2a,  2b  and  2o,  that  in  both  the 
Cornish  and  Lancashire  boilers  the  outside  vessel  consists  of  a  cylinder 
of  a  certain  length,  usually  with  flat  ends,  and  carrying  the  one  or 
two  cylindrical  tubes  suspended  inside  the  outer  shell,  and  supported 
by  the  ends,  and  by  the  buoyanoy  of  tho  water.     Hence  anything 
which  tends  to  strengthen  the  flue  as  a  whole,  to  enable  it  to  resist  the 
forces  tending  to  its  deformation,  such  as  the  heat  from  the  hot  gases,  etc., 
['■mis  to  lengthen  the  life  of  the  boiler,  and  to  reduce  the  repairs  bill. 


The  Construction 


of  Lancashire 
Boilers 


and  Cornish 


Ml 


The  construction  of  Lancashire  and  Cornish  boilers  is  carried 
almost  identical  lines,  the  dillerences  in  the  boilers  being  tin 


BOILERS 


61 


jited,  the  one  having  only  one  tiue  against  the  others  two.  Kor  the 
lanufacture  of  all  classes  of  boilers,  it  should  \*e  mentioned,  elaltorate 
nd  very  powerful  machinery  has  been  worked  out,  to  enable  manu- 
icturers  to  handle  the  large  steel  and  iron  plates  dealt  with,  and 
y  save  labour  in  the  manufacture.  All  classes  of  Lancashire  and 
!ornish  boilers  have  their  shells  made  of  Siemens  Martin  open- 
earth  steel,  having  a  tensile  strength  of  from  26  to  30  tons  to  the 
qaare  inch,  and  one  of  the  first  things  the  boiler-maker  sees  to  is 
hat  the  steel  plates  that  are  delivered  to  him  comply  with  this 
I  m  i  uiroment,  and  also  Iiave  a  certain  elasticity  and  ductility.  Samples 
if  the  plates  taken  at  random  are  tested  in  machines  specially  de- 
igned for  the  purpose,  for  their  breaking  strain  and  the  elongation. 
["he  breaking  Htrain  must  be  from  26  to  30  tons  to  the  square  inch, 
ind  the  elongation  must  be  20  per  cent,  in  a  length  of  10  inches, 
without  breaking. 

The  boiler  shells  are  built  up  of  a  succession  of  circular  rings,  as 
will  be  seen  from  an  inspection  of  a  complete  Lancashire  boiler,  u 
shown  in  Plate  1a,  the  size  of  each  ring  depending  upon  the  diameter 
jf  the  finished  boiler,  and  the  number  of  rings  upon  the  length  of  the 
boiler.     Each  ring  is  made  from  a  flat  plate,  which  has  had  its  edges 
planed  to  a  bevel,  and  is  bent  round  to  a  circle,  usually  by  vertical 
pl:itt'-l>ending  rolls.     The  two  ends  of  the  plate  are  united  together 
to  form  the  ring,  either  by  lap  joints  or  by  butt  joints,  the  latter 
being  the  more  frequent  arrangement.     In  the  lap  joint  one  edge  of 
"  c  plate  is  lapped  over  the  other,  and  the  two  are  bolted  together 
rivets.      In  the  butt  joint  the  two  edges  are  hutted  together;  the 
vels,  which  are  fullered  by  a  special  tool  to  enable  them  to  bed 
til  against  each  other,  are  brought  together,  and  two  short  plates, 
e  inside  and  one  outside,  are  bolted  across  the  butt  by  rivets.     In 
,ys  gone  by  it  was  common  to  punch  holes  in  the  steel  and  iron 
plates  that  are  employed  in  boiler-making,  with  the  twofold  result 
hat  the  holes  were  often  not  exactly  in  the  position  they  should  be, 
and  special  tools  had  to  be  employed  to  work  the  holes  opposite  each 
other,  and  to  get  the  rivets  in  place,  and  a  process  of  caulking  the 
■earn  had  to  be  resorted  to  after  the  boiler  was  complete.     Further,  it 
has  been  shown  that  the  process  of  punching  the  plate  deteriorates 
he  substance   of    which   it  is  composed,  and  hence  the   prartuc 
now  is,  that  all  holes  required  for  rivets  or  other  purposes  in  any 
part  of  the  boiler  shell,  are   either  drilled  or  turned   by  proper 
machinery,  that  does  not  injure  the  material,  and  that  will  work 
irulv   in  the  modern  sense.      For  the   rings  of  boiler  shells,  it  is 
usual  to  have  a  number  of  drills  in  one  frame,  standing  vertically 
one  above  the  other,  and  drilling  several  holes  at  the  same  time,  this 
ensuring  that  the  holes  shall  be  truly  in  line,  and  enabling  the  work 
to  be  done  rapidly.     The  ring  to  be  drilled  ia  mounted  in  a  vortical 
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position,  in  a  frame  provided  Tor  it,  which  holds  it  rigidly,  llie  drilling 
machines  then  being  brought  into  position,  and  drilling  the  holes  u 
described.  Care  is  tnkeii  to  break  joint,  as  it  is  termed,  in  the  suc- 
cessive longitudinal  seams  of  the  different  rings.  The  seam  of  each 
ring  comes  opposite  a  space  in  the  ring  on  each  side  of  it,  where  there 
is  no  joint, 

The  ends  of  Lancashire  and  Cornish  boilers  are  made  of  masses  of 
sheet  steel,  of  the  same  tensile  strength  as  that  from  which  the 
are  made.  They  are  turned  to  a  complete  circle,  and  at  th< 
time  the  one  or  two  holes  required  for  the  one  or  two  flues  are  bored 
out  of  them,  in  the  proper  positions,  by  tools  arranged  for  the  purpose. 
The  end  plates  are  also  drilled  in  very  much  the  same  manner  as 
the  shells  of  which  the  ring  is  composed,  and  they  are  secured  t<  the 
end  rings  of  the  shell,  either  by  flanges  formed  on  the  plate  iln-n- 
selves,  or  by  angle  rings,  and  in  other  ways.  The  end  plates  are 
further  held  to  the  end  rings  of  the  shells  by  what  are  known  as 
gusset  stays,  practically  angle  pieces  secured  to  the  end  plates,  and 
to  the  inside  of  the  boiler  shells. 

In  some  forms  of  Lancashire  and  Cornish  boilers  the  ends  are 
made  either  egg-shaped  or  dish-shape,  the  object  in  these  forms  being 
the  avoidance  of  the  necessity  of  the  gusset  stays.  With  these  forms 
the  ends  of  the  boiler's  are  made  just  the  size  to  fit  inside  the  end 
ring  of  the  shell,  the  two  being  then  drilled  and  riveted  together. 

Riveting  is  nearly  always  done  by  hydraulic  pressure.  The 
operation  requires  two  men,  one  standing  inside  the  boiler  to  be 
riveted,  and  manipulating  what  is  called  a  "  dolly/'  or  holder-up, 
which  is  practically  a  chock  to  take  the  thrust  of  the  rivet.  T& 
rivet  is  placed  in  the  hole,  the  hydraulic  riveter  brought  against  it, 
and  ita  end  expanded  over  the  hole,  in  the  same  manner  as  dealing, 
the  arrangement  making  a  very  sound  and  economical  joint. 

Cornish  boilers  are  made  usually  for  lower  powers  than  Lancashire 
boilers,  and  in  smaller  sizes.  The  Cornish  boiler  is  made  from  3  feet 
G  inches  in  diameter  up  to  7  feet  in  diameter,  anil  from  9  feet  iu  length 
up  to  30  feet,  the  evaporative  power  ranging  from  700  lbs.  of  water 
per  hour  up  to  3500.  The  Lancashire  boiler  is  made  from  5  feet 
(i  inches  in  diameter  up  to  9  feet,  and  from  14  feet  in  length  up 
32  feet. 

The  single  flue  of  the  Cornish  boiler  was  originally  larger 
cither  of  the  two  flues  of  the  Lancashire  boiler,  but  modern  practice 
has  settled  down  to  flues  of  about  the  same  size,  and  though  the 
vary  with  different  makers,  they  are  approximately  half  the  diam 
of  the  boiler,  the  flues  of  the  larger  sizes  of  Lancashire  boilers 
rather  less  than  this. 

The  Lancashire  boilers  evaporate  from  1600  lba.  to  9000  lbs. 
water  per  hour. 
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Cornish  boilers  are  occasionally  made  with  their  Hues  eccentric 
the  outer  shell. 


Lancashire  and  Cornish  Boiler  Flues 

The  Lancasliire  and  Cornish  boiler  flues  are  constructed  in  several 

different  ways.     The  simplest  arrangement  is,  the  flue  is  formed  of 

•aocessive  lengths  of  rings,  of  the  diameter  the  flue  is  to  take.     The 

ire  formed  of  mild  steel  plates,  bent  to  the  form  of  ft  cylinder, 

bending  rolls,  in  the  same  manner  as  described  for  the  boiler 

shell,  the  ends  of  the  plate  being  usually  welded  together.     In  some 

forms  of  boiler,  and  by  some  makers,  the  ends  of  the  plates  forming 

ingV,  are  drilled  and  riveted  together,,  in  the  same  manner  as 

described  for  the  boiler  shell,  but  welding  is  far  more  common.     The 

cceesive  lengths  are  connected  together  in  the  simple  form  of  flue, 

ij  flanged  joints.     A  flange  is  formed  in  the  end  of  each  ring  of  the 

ue,  and  out  of  the  ring  itself,  by  a  special  flanging  machine,  the  two 

flanges  of  successive  rings  being  drilled  and  riveted  together.     Tim 


Tkl  T.— Section  of  the  Adamson 
original  Flange  Seam  for  Ltiu- 
m  Boiler  Flues. 


_..., 


Fia.  8. — Section  of  the  Adoration 
absorber  Flange  Seam  [or  Lanca- 
shire Boiler  FJuee. 


oi  of  flue  has,  however,  been  departed  from  by  many 
afacturera,  for  the  reason  that  the  simple  riveted  flanged  joint 
iwnwnily  gave  way.  One  method  that  has  been  adopted  is  what  is 
fawwa  as  the  Adamson  joint,  in  which  an  additional  ring  is  placed 
between  the  two  flanges,  as  shown  in  Fig.  7,  the  whole  being  riveted 
ttgulber.  Messrs.  Daniel  Adamson  &  Son  have  also  since  intro- 
another  form  of  joint  for  the  sections  of  boiler  furnaces  and 
Ma,  It  is  shown  in  Figs.  8  and  9,  and  is  claimed  to  give  increased 
tfrcugth  and  increased  heating  surface,  and  to  automatically  take  up 
Own  expansion  and  contraction  with  heating  and  cooling.  As  will 
8  and  9,  the  difference  between  the  new  form  of 
:iit,  named  by  the  firm  the  " Adamson  absorber  flange  seam"  is, 
successive  rings  of  which  the  flue  is  built  up  are  of    different 
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diameters,  this  it  is  claimed  giving  the  expansibility  required. 
Another  method  of  jointing  the  successive  rings  of  the  flues  has 
been  introduced  by  Messrs.  Davey,  Paxman  &  Co.  One  end  of  each 
of  the  sections  is  expanded  by  special  tools,  to  a  certain  dia 


Fro.  9. — Sectional  Elevation  and  Plan  of  a  Lancashire  Boil  or,  having  its  Flues  fitUd 

A  damson's  Absorber  Flange. 

and  the  end  which  is  to  unite  with  it  of  the  uext  flue,  is  also 
expanded  to  a  certain  extent,  but  to  a  diameter  that  will  enablo  it 
to  just  fit  inside  the  end  of  the  next  section  it  is  to  engage  with. 
The  two  flanges,  when  fitted  together,  are  drilled  by  special  drilling 
machines,  and  are  then  riveted  by  hydraulic  rivets.  It  is  claimed 
by  Messrs.  Davey,  Paxman,  that  this  arrangement  provides  for  the 
expansion  and  contraction  in  the  same  manner  as  the  Adamson  joint. 


Corrugated  Flues  and  Furnaces 


. 


Another  form  of  furnace  and  flue  that  is  made  by  several  fi 
is  that  known  as  the  corrugated  flue.     As  its  name  implies,  the  llue 
is  built  up  of  a  succession  of  rings,  as  in  the  ordinary  flue,  but  bhe 
rings   oro  of  the  corrugated    form.      There  arc  two  forms   of  the 
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ugated  flue  on  the  market.  In  the  earlier  form  e&eb  BDOOl 
is  merely  corrugated,  very  much  on  the  lines  of  the  well-k 
igated  iron  plates  that  are  employed  for  building,  etc.  In  later 
itterns  the  corrugation  has  taken  a  special  form,  in  which  there  are 
Iges  at  definite  distances  along  the  length  of  the  furnace,  separated 
by  valleys  that  are  almost  level,  or  only  slightly  raised  in  the  centre. 
object  of  the  corrugated  flue  is  to  give  greater  strength  to  resist 
the  pressures  to  which  the  flues  and  furnaces  are  subject.  In  some 
of  the  early  furnaces  that  were  made  without  any  protection  whatever, 
the  furnace  collapsed  in  places,  owing  to  the  extreme  pressure  brought 
to  bear  on  it  by  the  water  and  the  steam  above  it.  In  addition  to  this, 
it  often  happens  that  there  is  a  deposit  from  the  water  employed  in 
the  boiler  on  the  top  of  the  furnace  crown,  and  this,  especially  when 
the  deposit  is  of  oil,  such  as  is  frequently  brought  over  from  the 
BBgine  through  the  condenser,  is  such  that  a  resistance  is  set  up  to 
the  passage  of  heat  from  the  burning  fuel  to  the  water  lying  on  thu 
top  of  the  furnace,  the  result  being  that  the  crown  of  the  furnace 
itself  is  raised  to  a  high  temperature,  its  tensile  strength  being  then 
considerably  reduced,  and  collapse  resulting.  The  forms  described 
give  very  much  greater  strength,  it  is  claimed,  to  resist  the  pressure 
mentioned,  and  in  addition  they  tend  to  reduce  the  tendency  of  the 
oil  and  other  matters  to  deposit. 

These  forms  of  furnaces  are  made  by  the  Leeds  Forge  Company, 
under  the  name  of  the  Morrison  Suspension  Furnace,  and  one  form 
af  their  furnace  is  arranged  to  be  withdrawn  from  a  marine  boiler 
without  dismantling  the  boiler  itself.  Messrs.  John  Brown  &  Co. 
dso  make  two  forms  of  the  furnace,  one  of  which  they  have  named 
;heir  Improved  Furnace,  and  the  other  the  Cambered  Furnace,  the 
lil  Terence  between  the  two  being  the  arrangement  of  the  corrugations. 
Messrs.  Deighton  &  Co.  also  make  two  forms,  one  in  which  the 
corrugations  are  simply  hills  and  valleys,  and  the  other  in  which 
iie  apace  between  the  hills  is  also  slightly  corrugated. 

All  of  these  firms  have  had  tests  carried  out  to  meet  the  Board 

:>f  Trade,  Lloyds,  and  the  Bureau  Veritas  requirements  for  furnaces 

that  are  employed  on  board  ship,  aud  the  following  formulae  are 

[riven  for  the  working  pressures  for  the  different  forms  of  corrugated 

furnaces,  that  is  to  say,  the  working  pressure  of  the  boiler  to  which 

the  furnaces  are  applied. 

The  formulae  are  as  follows : — 

1 4  00(1  x  T 
For  the  Board  of  Trade,  W.P.  =  ^"g** 

For  Lloyds  and  the  Bureau  Veritas,  W.l\  =  1259  x^T  -  2) 

1160  X  (T  -  2) 


The  British  Corporation,  W.V.  = 
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In  the  above  formula;  W.P.  is  the  working  pressure, 
thickness  of  the  plate  from  which  the  furnace  is  made  in  sixteenths 
of  an  inch  for  the  Board  of  Trade,  D  is  the  greatest  diameter  of  the 
flue  in  inches. 

The  Board  of  Trade,  in  the  United  Kingdom,  has  complete 
command  over  all  that  shall  be  done  in  the  matter  of  steam 
appliances  on  British-owned  ships,  and  their  surveyors  are  constantly 
in  evidence  at  seaports,  to  see  that  their  rules  are  carried  out 
Lloyds  and  the  British  Corporation  are  insurance  companies,  who 
insure  ships,  and  also  keep  their  surveyors  at  every  port  to  see  tli&l 
their  requirements  arc  carriod  out.  The  Bureau  Veritas  is  a  French 
company,  similar  to  Lloyds  in  this  country,  and  it  keeps  its  surveyors 
in  all  ports.  The  table  on  pages  66  and  67  gives  the  working  pres- 
sures of  boilers  to  which  the  corrugated  flues  are  fixed,  according  to  ila 
above  formulas,  as  allowed  by  the  Board  of  Trade,  and  by  Lloyds  and 
the  Bureau  Veritas.  The  figures  on  the  extreme  left  and  the  extreme 
right  of  the  table,  are  the  smallest  internal  diameters  of  the  furnaces 
inside  of  the  corrugations.  The  figures  at  the  top  of  the  t&bkfl 
&  inch,  13  inch,  and  so  on,  are  the  thickness  of  the  plates  from 
which  the  furnaces  aro  made,  and  the  figures  below  each  plate 
thickness  are  the  pressures  allowed  respectively  by  the  Board  ol 
Trade  and  Lloyds  and  Bureau  Veritas,  with  the  given  thickness  ol 
plate,  and  the  given  size  of  furnace.  It  will  be  noticed,  in  glancing 
down  the  table,  that  the  pressure  allowed,  though  it  varies  between 
the  Board  of  Trade  and  the  insurance  companies,  follows  in  bott 
cases  two  simple  laws.  The  pressure  that  may  be  allowed  increases 
with  the  thickness  of  the  plate  of  which  the  furnace  is  composed,  and 
nearly  in  proportion  to  that  thickness,  as  expressed  by  the  foriiul-', 
where  T  —  2  is  one  of  the  factors.  The  pressure  that  is  allowed  also 
deceases  with  all  thicknesses  of  plate,  as  the  diameters  of  the  furnaces 
increase. 


Setting  Cornish  and  Lancashire  Boilers 


It  has  been  mentioned  above  that  Cornish  and  Lancashire  1  toilers 
have  brickwork  flues  provided  for  the  hot  gases,  uuderneath  t 
boiler,  and  at  its  .side.  This  entails,  as  will  easily  be  understood,  tin- 
formation  of  the  brickwork  setting,  with  which  every  one  who  has 
visited  a  boiler-house,  is  familiar.  Two  points  should  be  noted  in 
connection  with  the  boiler  brickwork.  The  brickwork  should  be 
so  arranged  as  to  efficiently  support  the  boiler,  and  to  provide  fluea 
that  can  easily  be  cleaned ;  but  the  support  of  the  boiler,  and  the 
arrangement  of  the  flues  must  be  such  that  the  brickwork  does  not 
carry  otY  heat.     To  meet  this  requirement  the  support  of 
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iderneath  should  be  by  blocks  of  sections  designed  lo  oiler  a  good 

ippnrt  to  the  boiler,  while  at  the  same  time  uttering  a  high  thermal 

listonce,  by  small  contact  with  the  mass  of  the  boiler.     Further, 

brickwork  should  be  so  arranged  as  to  offer  the  highest  possible 

distance  to  the  passage  of  heat  through  it.     In  America  a  linn 

}wu  as  the  McLeod  and  Ilenry  Company  make  what  they  call 

mixture,  which  i9  employed  for  the  purpose,  and  which  is 

to  be  stronger  and  more  durable,  and  to  be  more  refractory 

■  r-lmary  firebrick,  the  fusing-point  of  the  mixture  being  given 

F. 

Messrs.  McLeod  and  Henry  advise  the  formation  of  a  back  arch 

innection  between  the  boiler  Hues  and  the  side  flues,  etc. 

Aaother  important  point  is,  the  brickwork  should  be  quite  air- 

me  of  the  causes  of  loss  of  heat  in  boiler  sorvicos  where 

ick  Boas  .'ire  employed   is,  air  filters  through  bha  Joints  of   the 

tkwork.    hi  1  mingles  with  the  hot  gases  passing  through  thorn, 

:  their  temperature  by  the  absorption  of  heat  from  the  hot 

raise  the  temperature  of  the  incoming  air  to  that  of  the  gases 

Ives.     Every  cubic  foot  of  air  passing  in  ^absorbs  ftboul    20 

Th.  units. 


Firing  Lancashire  and  Cornish  Boilers  from 

Outside 

It  will  be  understood  that  one  of  the  important  features  of  both 

Cornish  and  Lancashire  boilers  is  the  internal  firing,  ihe  furnace 

completely  surrounded  by  the  water  of  the  boiler,  the  whole 

ad  by  the  combustion  of  the  fuel  being  delivered 

the   boiler,  and   therefore    being   in  the    bo3t  position    for 

With  some  forms  of  fuel,  however,  it  is  not  possible  to 

this.     As  explained  in  the  first  chapter,  with  low  grade  fuels, 

as  the  refuse  from  sugar-caues,  cotton,  saw  mills,  etc.,  which 

very  valuable  as  fuels  in  certain  parts  of  the  world,  much  larger 

itities  have  to  be  consumed  than  is  necessary  with  good  coals, 

hence  a  larger  grate  area,  and  a  larger  furnace  generally  must  be 

ided,  and  this  necessitates  a  furnace  being  placed  outside  of  the 

This  is  the  position  the  furnace  occupied  in  the  early  days 

work,  and  it  also  occupies  that  position  with  sovoral  other 

bofler,     There  are  two  methods  that  may  be  employed  with 

firing.     The  furnace  may  bo  carried  underneath  the  bottom 

'   r.  as  shown   in    Plate  2c,  the  hot  gases   passing   through 

it  under  the  boiler,  returning  through    the  Hues  <m 

f  the  boiler  to  the  front,  and  thence  by  the   side  dues 

lc    and  to  the  chimney.     Or  the  furnace   may  be    Axed 
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in  front  of  the  boiler,  the  boiler  flues  extending  the  whole  length 
of  the  boiler  shell,  and  the  furnace  gases  passing  straight  in 
Hues  from  the  furnace,  and  afterwards  taking  their  usual  course.  A 
boiler  furnace  constructed  on  these  lines,  by  Messrs.  Galloway,  is 
shown  in  Plate  2b,  and  a  special  form  for  cane  refuse,  etc.,  in  Plate 
3a.  Messrs.  Meldrum  have  also  adopted  this  plan  iu  the  furnace 
they  have  arranged  for  burning  colliery  and  other  refuse. 


The  Galloway  Boiler 

As  already  mentioned,  the  Galloway  cone  tube  has  been 
Largely  adopted,  and  is  fitted  to  the  flues  of  Lancashire  and  I  i 
boilers  by  all  makers.  Messrs.  Galloway  themselves  have  evolve! 
a  boiler  of  their  own,  of  the  Lancashire  type,  which  has  boa 
developed  around  the  experiments  that  have  been  made  with  their 
cone  tube,  and  which  differs  in  several  respects  from  the  ordinary 
Lancashire  boiler.  The  first  difference  is,  while  the  two  furnaces  iuv 
kept  separate,  tho  two  flues  into  whicli  the  furnaces  open  are  made 
into  one. 

The  joint  flue  was  first  developed  of  an  elliptical  section,  but  has 
since  been  altered  to  one  in  which  the  upper  and  lower  walls  of  the 
flue  arc  parts  of  coucentric  circlos,  the  two  nrcs  being  set  op 
different  radii  from  one  centre,  and  the  cone  tubes  are  inclined 
radially  towards  each  other.  The  result  of  tlus  is  stated  to  be  Bm 
production  of  a  very  successful  boiler,  and  a  good  circulation  throng} 
the  cone  tubes. 

In  addition  to  the  above,  Messrs.  Galloway  form  pockets  in  tin 
sides  of  the  flues,  the  object  of  this  being  to  increase  the  heating 
surface,  and  to  aid  in  strengthening  the  flue.  These  points  are  shown 
in  Plates  2a  and  2b, 


Multitubular  Boilers 


In  describing  the  Lancashire  and  Cornish  boilers,  it  was  mentioned 
that  the  arrangement  of  the  flues  was  designed  to  provide  as  largB  a 
heating  surface  as  possible,  that  is  to  say,  to  divide  up  the  water  in 
the  boiler  as  much  as  possible,  and  to  bring  as  many  parts  of  it  as 
possible  in  contact  with  some  hot  plate  having  hot  gases  on  its  other 
sido.  The  multitubular  boiler,  in  its  somewhat  various  forms,  is 
designed  to  still  further  accomplish  this,  and  any  one  of  the  boilers 
made  on  this  pattern  will  furnish  a  given  quantity  of  steam  from  * 
boiler  of  very  much  smaller  size  than  either  the  Lancashire  or 
Cornish,  designed  for  the  same  work. 
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In  the  multitubular  boiler,  as  its  name  shows,  the  single  flue  of 
the  Cornish  boiler  and  the  two  flues  of  the  Lancashire  boiler  are 
displaced  by  a  large  numl«er  of  very  much  smaller  tubes,  generally 
ranging  from  3  to  4  inches  in  diameter,  running  usually  from  end  to 
end  of  the  boiler.  The  hot  gases  pass  through  these  tubes,  the 
water  lying  all  around  the  tubes  in  the  space  not  occupied  by  them. 

The  principal  reason  why  multitubular  boilers  are  not  more 
employed  than  they  are,  seeing  the  greater  steaming  capacity  for  a 
iriven  weight  and  size,  is  the  difficulty  of  cleaning  tlieni.  In  everv 
boiler  there  are  two  surfaces  upon  which  deposit  takes  place,  both  of 
which  tend  to  offer  resistance  to  the  passage  of  heat  from  the  hot 
gases  to  the  water— viz.  the  surface  in  contact  with  the  gases,  on 
which  finely  divided  carbon,  or  soot,  is  apt  to  collect,  and  the  surface 
in  contact  with  the  water,  upon  which  the  salts  carried  by  the  water 
are  also  apt  to  deposit.  In  the  case  of  tubular  boilers,  it  is  not  very 
difficult  usually  to  clean  the  tubes,  but  it  is  exceedingly  difficult  to 
clean  the  water  space  between  them,  more  particularly  as  the  sub- 
rices  which  are  deposited  upon  the  metal  there  are  very  clinging. 
The  salts  that  are  carried  by  the  water  are  often  combined  with  some 
of  the  oil  that  has  been  employed  for  lubricating  the  engine,  and 
that  has  been  carried  as  vapour,  or  in  a  finely  divided  state,  into  the 
condenser,  and  has  found  its  way  back  from  the  condenser  into  the 
toiler.  The  substance  formed  by  the  oil  and  the  salts  is  particularly 
h-uaeious.  and  offers  a  very  high  resistance  to  the  passage  of  heat 
through  it. 

In  the  multitubular  boiler,  which  ia  usually  fired  from  a  furnace 
below  the  bottom  of  the  boiler,  the  hot  gases  pass  from  the  back  of 
the  boiler  through  the  tubes  to  the  front,  and  thence  by  the  side  flues 
to  the  chimney.  The  gases,  it  will  be  seen,  split  up  at  the  back  of 
the  boiler  into  small  sections,  each  section  passing  through  its  own 
tube,  the  whole  reuniting  at  the  front  and  passing  to  the  sides,  as 
explained.  The  heating  surface,  the  quantity  of  metal  plate  in  the 
multitubular  boiler,  acting  as  a  separator  between  the  hot  gases  and 
the  water,  is  enormously  increased,  and  in  addition,  the  mass  of  the 
hot  gases  being  so  divided,  the  gases  themselves  very  much  more 
readily  part  with  their  heat  to  the  metal  tubes  surrounding  them, 
Itecause  there  is  a  smaller  oore  of  gas  in  each  of  the  tubes.  It  will 
l»e  understood  that  when  hot  gases  are  passing  through  the  flues  of 
Lancashire  or  Cornish  boilers,  the  gases  that  are  in  contact  with  the 
shells  of  the  (lues  are  doing  the  most  work,  because  the  gases  them- 

^ selves  do  not  conduct  heat  very  readily,  and  therefore  the  heat  from 
the  inside  mass  cannot  easily  reach  the  metal  plates  of  which  the 
flues  are  composed  This  is  one  of  the  reasons  why  the  Galloway 
moB  Lube  bo  increases  the  efficiency  of  the  Lancashire  and  Cornish 
boilers,  because  it  breaks  up  the  hot  gases,  as  well  as  providing 
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heating  surface,  and  in  the  multitubular  boiler,  it  will  be  seen,  tin' 
process  is  carried  very  much  further. 


Forms  of  Multitubular  Boiler 

There  are  several  forms  of  multitubular  boilers,  known  by  va 
names,  and  having  slightly  different  construction,  according  to  tbe 
purpose  for  which  they  are  employed.  They  are  known  as  the  Marine 
boiler,  tho  Locomotive  boiler,  the  Dry-Back  boiler,  and  simply  the  Mul- 
titubular boiler.  Iu  all  of  them  there  is  the  nest  of  tubes  tfarougb 
which  the  hot  gases  pass.  In  the  marine  boiler,  the  dry -back  boOer, 
and  the  onlinary  multitubular  boiler,  the  hot  gases  pass  from  the 
back  of  the  boiler  through  the  tubes  to  the  front.  In  the  locomotive 
boiler  they  may  pass  from  the  front— that  is,  directly  from  the  tire- 
box  to  the  back  of  the  boiler.  In  the  case  of  the  locomotive  employed 
on  railways,  the  fire-box  is  at  the  rear  of  tho  boiler,  in  the  direction 
the  train  is  running,  and  iu  that  case  it  would  be  proper  to  say  that 
the  hot  gases  pass  from  the  rear  to  tho  front ;  but  they  pass  directly 
from  the  fire-box  into  the  fire-tubes,  without  changing  their 
tion,  and  thence  to  the  smoke-box  and  up  the  chimney,  while  in  the 
remaining  forms  of  multitubular  boiler,  the  direction  of  flow  of  the 
gases  is  reversed  after  leaving  the  fire-box  or  the  combustion  chamber 
beyond.  Plate  3d  shows  a  multitubular  boiler  made  by  the  Atlas 
Co.  of  America. 


The  Ordinary  Multitubular  Boiler 

The  ordinary  multitubular  boiler  has  been  partially  described 
above.  As  made  by  Messrs.  Davey,  Pax  man  &  Co.,  it  takes  two 
principal  forms,  known  as  the  English  and  American  pattern.  Thft 
English  pattern  consists  of  a  short  cylinder,  with  tubes  occupying 
the  lower  portion,  the  furnace  being  fixed  below  the  boiler,  which  is 
set  in  brickwork  in  the  usual  way,  and  a  mud  drum  is  fixed  lielow 
the  boiler,  and  at  right  angles  to  it,  with  an  entrance  into  the  back 
of  tho  boiler,  to  receive  the  deposit  from  the  water,  as  explained  in 
previous  sections,  the  boiler  being  set  in  brickwork.  The  course  of 
the  gases  in  this  form  is  from  the  furnaco,  post  the  fire-brick  bridge 
at  the  end  of  the  furnace,  to  the  combustion  chamber  at  the  back, 
thence  through  the  tubes  to  a  brick  smoke-box  in  the  front,  tbe&M 
through  the  side  fines  to  the  chimney.  In  the  American  pattern 
made  by  this  firm,  the  chimney  is  at  the  front,  where  it  opens  from  a 
cylindrical  smoke-box,  and  the  boiler  la  supported  from  iron  girders 
Standing  uj>oii  iron  columns,  instead  of  by  the  brickwork,  the  boiler 
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"ice  and  port  of  flues  of  Galloway  boiler  arranged  for  taming  wood, 
gucoal,  etc.    TIih  fapl  falls  down  the  steps  Rnown,  as  it  consumes,  and  the  hot 
-  up  iolo  tlic  boilei  Sons, 


3b.— Externally  fired  multitubular  boiler,  as  made  by  the  A  tins  Co. 


I  oeomotivo  type  of  boiler,  as  adopted  for  portable  engines  Vf  Mcasn, 
Marshall.  [To 
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ielf  being  built  in  by  brickwork,  something  on  the  lines  of  the 
iter-tuhe  boiler,  explained  later,  and  the  gases  pass  over  the  whole 
the  outside  shell  of  the  boiler,  and  through  the  tubes  to  the  front. 
lere  is  also  a  cylindrical  drum  fixed  above  the  iron  girders,  for  the 
option  of  the  steam. 


The  Locomotive  Type  of  Boiler 

The  locomotive  type  of  boiler  is  very  much  employed  for  portable 
boilers,  carrying  engines  above  or  below  them,  such  as  those  used  for 
iction  purposes,  and  for  agricultural  purposes,  driving  thrashing 
:hine3,  etc.     It  is  also   used   largely  for  semi-portable  boilers, 
>r  temporary  work,  such  as  contractor's  work  on  docks,  waterworks, 
Iways,  etc.,  tho   reason  boing  that  it  is  easily  and  quickly  sot 
up,  and  easily  and  quickly  removed  when  required.      In  the  locomo- 
tive type  of  boiler,  only  as  much  of  the  heat  of  tho  flue  gases  can  bo 
transmitted  to  the  water,  as  will  pass  across  from  the  tubes  to  the 
water  surrounding  them.     Use  cannot  be  made  of  the  outer  shell  of 
the  boiler,  in  the  manner  in  which  it  is  made  use  of  in  the  Lancashire 
and  Cornish  boilers ;  and  it  is  necessary  that  water  shall  be  present 
on  the  inside  of  the  boiler  shell  everywhere,  except,  of  course,  in  the 
fire-box,  and  as  far  as  possible  round  that  also.     With  the  multi- 
tubular boiler,  as  will  be  understood  from  what  has  been  said  before. 
the  absence  of  the  side  and  bottom  flues  does  not  make  anything  like 
as  much  difference  to  the  economy  of  tho  boiler  as  it  would  in  the 
case  of  the  Lancashire  and  Cornish  boilers,  because  the  flue  gases 
being  so  thoroughly  divided  up  by  the  fire-tubes,  tho  heat  is  very 
much    more  taken  from  them   in  passing  through  the  tube,  than 
through  the  Lancashire  or  Cornish  flues.     In  the  portable  engines 
that  are  used  for  agricultural  and  traction  work,  the  tubes  are  made 
very  small,  but  they  are  easily  cleaned,  as  the  smoke-box  into  which 
the  tubes  open  at  the  funnel  end  is  closed  by  a  large  iron  door,  and 
when  this  door  is  open,  the  ends  of  the  fire  tubes  are  exposed  and 
are  easily  reached.     It  is  not  so  easy,  however,  to  clean  the  spaces 
between  the  tubes  in  which   the  water  lies,  and   in  which  deposit 
occurs,  and  therefore  in  all  boilers  of  this  kind  the  water  should 
lie  as  soft  as  possible.     Plate  3c  shows  a  portable  boiler  of  this  type 
mode  by  Messrs.  Marshall. 


The  Marine  Boiler 


In  tho  marine  boiler  quite  another  set  of  conditions  has  to  be 
fulfilled.     The  boiler,  it  will  be  remembered,  is  fixed  on  board  ship, 
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as  near  the  middle  of  the  ship  as  possible.  It  has  to  he  practi- 
cally self-contained,  and  all  the  heat  that  is  extracted  from  the 
pases  must  be  obtained  without  the  aid  of  brick  or  similar  flues. 
Further,  conditions  of  safety  for  the  remainder  of  the  ship  demand 
that  there  shall  be  a  mass  of  water  for  the  hot  gases  to  impinge 
against  as  they  issue  from  the  furnace,  and  for  that  reason  the  marine 
boiler  is  known  as  the  "  Wet- Back  "  boiler.  Its  construction  is  as 
follows :  It  may  be  circular  or  rectangular  in  section.  It  carries 
one,  two,  and  sometimes  three  furnaces  at  its  lower  part,  the  furnaces 
being  fixed  internally,  in  a  similar  manner  to  those  of  the  Lancashire 
and  Cornish  boilers,  and  the  space  above  the  furnace  is  filled  with  a 
nest  of  tubes,  as  shown  in  Plate  4a.  The  hot  gases  pass  from  lb 
furnace  into  a  vertical  space  provided  for  them  at  the  back  of  the 
boiler,  thence  through  the  fire-tubes,  which  are  fixed  horizontally,  to 
a  smoke-box  in  front,  and  thence  to  the  funnel,  this  occupying,  as 
usual,  a  position  in  the  centre  of  the  ship.  At  the  hack  of  the  com- 
bustion ohamber,  into  which  the  furnace  gases  pass,  is  the  chamber 
containing  water,  which  communicates  with  the  space  surrounding 
the  fire-tubes,  and  also  extends  to  the  space  surrounding  the  furnaces. 
Where  the  boiler  is  of  the  cylindrical  form,  it  resembles  a  Lancashire 
or  Cornish  boiler  to  a  certain  extent,  as  will  be  seen  from  Plate  4a, 
but  it  is  very  much  shorter,  and  the  space  usually  occupied  by  the 
free  body  of  water  and  steam  is  occupied  by  the  tubes  with  the  swam 
space  above  them.  The  arrangement  of  the  furnaces  of  marine 
boilers  varies  somewhat,  some  of  them  being  known  u  "  dry  bottom," 
and  others  "wet  bottom,"  the  difference  being,  with  the  dry  !■ 
there  is  very  little  water  below  the  furnaces,  and  in  the  wet  bottom 
there  is  a  fairly  considerable  quantity. 


The  Dry-Back  Boiler 


The  dry-back  boiler  is  really  a  form  of  the  ordinary  multitubular 
boiler,  or  it  maybe  considered  a  form  of  the  marine  boiler,  from  wliiih 
it  is  distinguished  by  having  no  water  space  at  the  back  of  the  boiler, 
beyond  the  combustion  chamber  into  which  the  flue  gases  empty 
The  dry-back  boiler  is  made  by  nearly  all  the  large  firms  ;  in  par- 
ticular, Messrs.  Davey,  Taxman  &  Co.  have  made  a  speciality  of  one 
which  they  call  their  "  Economic "  boiler.  In  this  form  of  boiler 
the  furnaces  are  carried  in  the  boiler,  or,  a3  it  is  expressed,  the  boiler 
is  internally  fired,  juBt  as  the  Lancashire  and  Cornish  boilers  are,  and 
the  hot  gases  pass  into  a  combustion  chamber  at  the  back  of  the 
boiler,  thence  through  the  nest  of  tubes  mentioned,  to  a  Bmoke-boi 
on  the  front,  thence  to  side  flues  formed  from  brickwork,  in  a  similar 
manner  to  the  Lancashire  and  Cornish  boiler,  and   thence  to  the 
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chimney.  The  boiler,  like  all  multitubular  boilers,  is  much  aborts 
than  the  Lancashire  and  Cornish  boiler,  and  is  of  about  the  same 
diameter,  for  the  same  evaporative  power,  and  is  set  in  brickwork  in 
a  similar  manner  to  the  Lancashire  and  Cornish  boilers.    It  is  shown 


in  Fig.  10. 


Combined    Cornish   and    Multitubular    Boilers 


Another  form  of  boiler,  that  is  made  by  several  firms  in  this 
country,  and  in  America,  is  the  Combined  Cornish  and  Multitubular 
boiler.  It  is  made  in  several  forms  according  to  the  fancy  of  the 
makers.  In  one  form  made  by  Messrs.  Galloway,  there  are  two 
distinct  boilers,  or  rather  two  distinct  cylinders,  standing  one  above 
the  other,  connected  by  steam  pipes,  both  built  in  by  brickwork. 
The  lower  cylinder  is  the  Cornish  boiler  with  its  single  flue  and 
furnace,  inside  the  boiler  shell  as  before;  and  the  upper  cylinder 
ia  shorter,  and  forms  the  multitubular  boiler.  Above  the  latter 
again  stands  a  smaller  cylinder  forming  the  steam  drum.  The  hot 
gases  pass  through  the  internal  flue  of  the  Cornish  boiler,  up  I 
back  of  the  boiler  to  the  multitubular  portion,  through  the  tubes 
to  the  front,  buck  by  the  side  flues  of  the  multitubular  portion  i  o 
the  back  of  the  boiler,  then  from  the  side  flues  of  the  multitubular 
to  the  side  flues  of  the  Cornish  portion,  from  the  bauk  to  the  frout 
end,  thence  into  the  bottom  flue  of  the  Cornish  portion  to  the  back 
end  and  to  the  chimney. 

Messrs.  Fraser  &  Chalmers  also  make  what  they  call  Compound 
Cornish  Multitubular  boilers,  the  ordinary  Cornish  single  flue 
occupying  the  front  portion  of  the  lire  space,  the  rear  portion  of  the 
space  usually  occupied  by  the  Hue  being  filled  with  tubes.  The  hot 
gases  pass  from  the  furnace  over  the  fire-brick  bridge,  to  the  com- 
bustion chamber  at  the  back,  thence  through  the  tubes  to  the  tad 
of  the  boiler,  and  thence  by  the  usual  patha  under  the  boiler,  ami 
by  the  aide  flues  to  the  chimney.  Messrs.  Marshall  make  a  boiler 
nl'  this  kind,  as  shown  in  Fig.  5. 

In  the  American  form,  known  as  the  Robb-Mumford  boiler,  a 
section  of  which  is  shown  iu  Fig.  11,  there  are  two  cylinders,  as  iu 
the  Galloway  pattern,  connected  together  by  steam  and  water  pipes, 
but  the  office  of  the  upper  cylinder  is  merely  to  hold  the  water  and 
for  circulation.  The  lower  cylinder  is  slightly  inclined  to  the 
horizontal,  the  back  end  being  above  the  furnace  end.  The  furnace 
occupies  a  large  portion  of  the  lower  cylinder,  and  the  tubes  open 
directly  from  the  furnace,  very  much  as  iu  the  case  of  the  locomotive 
boiler.  Both  cylinders  are  enclosed,  sometimes  in  brickwork, 
sometimes  by  steel  plates.     The  hot  gases  after  passing  through 
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retnni  to  the  chimney,  which  opens  from  4  $xnoke-K*x  in  f 
ig  over  the  surfaces  of  both  the  lower  and  upper  cylinders. 


Kiu.  n.— Section*]  View  of  Robb-Mumfnrd  Standard  Boiler, 


Water  tube  Boilers 

In  water-tube  boilers,  as  their  name  implies  ihe  oonditioni  ruling 

with  tbe  iirc-tube  boilers  aro  reversed— the  wal^r  is  held  in  tubes 
connected  to  drums,  the  steam  rising  from  the  tubes  and  pmminn  Into 
the  drums,  where  a  steam  space  is  left,  and  the  hot  gases  play  all 
round  the  tubes,  ami  the  under  surface  of  the  drums.  The  <i in- 
struction of  water-tube  boilers  varies  quite  as  much  as  tho!  <•!  tiiv- 
tube  boilers,  but  all  are  on  certain  main  lines.  All  of  them  must 
have,  as  in  the  case  of  fire-tube  boilers,  a  space  sufficient  to  hold  a 

in  quantity  of  water,  another  space  sufficient  to  hold  a  certain 
quantity  of  steam,  an  arrangement  for  delivering  water  to  the  water 
apace,  as  a  portion  is  converted  into  steam,  m  UTftngQlneat  for 
carrying  the  steam  away  from  the  steam  splice   when   it.  El   formed, 

when  it  is  to  be  used.  It  must  also  contain  some  arrangement 
for  burning  the  fuel  that  is  to  be  employed  to  furnish  the  beat,  nnd 
for  directing  the  hot  gases  over  the  tubes  and  the  <lnnns,  in  such  a 
manner  that  all  the  heat  is  extracted  from  them  that  is  mil  required 
to  furnish  draught.  The  fuel  is  burned  in  very  much  the  same 
manner  as  in  the  fire-tube  boiler,  though  the  furnaces,  as  will  be 
explained,  are  rather  different,  and  there  is  the  same  problem,  the  hot 
gases  passing  from  the  surface  of  the  burning  fuel  having  a  temperature 
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of  approximately  2400°  P.  and  being  required  to  be  cooled  down 
before  leaving  the  boiler  to  about  600°,  or  where  forced  draught  u 
employed,  to  considerably  less.  The  whole  construction  of  water- 
tube  boilers  necessarily  differs  entirely  from  that  of  fire-tube  boilers. 
in  the  majority  of  forms,  because  the  arrangements  are  quite  different. 
\n  the  fire-tube  boilersuit  will  bo  remembered,  there  is  a  shell  holding 
water,  and  hot  gases  ore  passed  through  Hues,  tubes,  etc.,  piercing 
the  water,  and  round  the  sides  and  bottom  of  the  shell.  In  tfci 
water-tube  boiler  the  water  is  held  very  largely  in  tubes,  with  drums 
or  cylinders  or  some  similar  arrangement  above,  to  assist  in  tliu 
circulation,  and  to  form  a  receptacle  for  the  steam.  It  will  1 1 
understood  that  steam,  when  it  is  formed,  being  so  much  lighter  than 
water,  rises,  and  if  it  is  not  condensed  before  it  reaches  the  surface, 
comes  away  from  the  water,  and  enters  the  space  provided  for  it 
One  of  the  advantages  claimed  for  the  arrangement  of  the  Lancashire 
boiler,  with  the  hottest  portion  of  the  gases  in  direct  contact  with  & 
small  depth  of  water,  is  the  fact  that  the  steam  formed  there  has  only 
a  short  distance  to  riso  to  the  steam  space.  As  will  be  seen,  in 
the  water-tube  bailor  the  steam  has  frequently  a  very  long  distance 
to  pass  before  entering  tho  steam  space,  and  it  may  happen,  and  does, 
that  steam  formed  in  one  part  of  the  boiler,  in  one  part  of  the  tubes, 
may  become  water  again  by  passing  through  a  body  of  water  at  a  com- 
paratively low  temperature.  It  by  no  means  follows  that  this  renders 
the  boiler  inefficient,  inasmuch  as  in  order  that  the  steam  may 
become  water  again,  it  must  give  up  its  latent  heat  to  the  water,  and 
in  doing  so,  must  raise  the  temperature  of  the  water  very  considerably. 
It  will  be  remembered  that  in  dealing  with  the  Lancashire  boiler. 
one  of  the  points  that  was  mentioned  as  of  considerable  importance 
was  the  setting  of  the  boiler,  so  that  it  should  be  well  supported,  but 
without  the  supports  carrying  off  much  heat,  the  supports  being  in 
the  form  of  firo- bricks  moulded  to  a  special  form.  In  the  majority 
of  water-tube  boilers,  though  brickwork  enters  very  largely  into  tho 
arrangement,  it  does  not  support  any  portion  of  the  boiler.  A 
favourite  arrangement,  employed  by  the  Babcock  &  Wilcox,  and  hj 
the  Stirling  Boiler  Company,  and  others,  is :  A  space  of  rectangular 
section  is  formed  by  iron  pillars  supporting  iron  girders,  the  space 
being  afterwards  closed  in  by  fire-bricks  on  the  inside,  and  glazed 
tiles  on  the  outside,  leaving  spaces  for  the  furnace  doors,  and  the 
doors  required  for  getting  at  the  tubes,  etc.  The  girders  supported 
by  the  pillars  themselves  form  the  supports  for  the  drums,  tubes,  etc, 
and  the  rest  of  the  apparatus,  and  as  girders  and  supporting  pillars 
can  be  multiplied  as  much  as  may  be  desired,  within  certain  limits, 
the  limits  being  the  ability  of  the  supports  to  carry  off  heat,  a  very 
substantial  structure  results,  that  is  largoly  independent  of  expansions 
and  contractions,  so  far  as  supports  are  concerned.     The  form  and 
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of  water-tube  boilers  vary  very  considerably,  as  do 
ring  appliances,  according  to  the  ideas  of  the  inventors 
od  the  manufacturers  who  work  out  the  inventors'  ideas,  but  the 
irat  majority  of  them  take  the  form  indicated  above,  in  which  there 
n  one  or  more  drums  occupying  the  upper  portion  of  the  apparatus, 
ad  resting  or  supported  by  the  girders,  and  supported  partially  by 
ha  brickwork  surrounding  them,  the   space  below  being  occupied 
puily  by  the  tubes,  which  have  various  forms,  and  partly  by  the 
mace.    The  tubes  are  of  various  forms,  and  various  sizes,  from  very 
nail  in  the  Thornycroft  and  Yarrow  torpedo-boat  boilers,  up  to  four 
in  the  Baboock  and  other  boilers  of  the  same  type, 
a  arrangement  for   extracting  the  heat  from   the  hot  gases 
Btrad  by  the  combustion  of  the  fuel,  is  necessarily  different  from 
the  Lancashire  and  Cornish  and  multitubular  boilers.     For 
poetical  purposes  the  whole  of  the  rectangular  box,  that  usually 
inns  the  lower  portion  of  the  boiler  space,  takes  the  place  of  the 
oes  in  the  tire-tube  boilers.      Instead   of  the  hot  gases  passing 
:h  the  different  flues  in  succession,  or  in  series,  as  electrical 
wgmeers  would  express  it,  they  to  a  certain  extont  find  their  own 
i  n  tin-  mi  ;   the  tubes  containing  the  water,  guided 

Iv  by  baffles  of  incombustible  material,  arranged  to  give  them 
path,  and  to  ensure  that  every  part  of  every  tube  shall 
licked  by  the  gases  on  their  way  to  the  chimney.      In    some 
fcrnw  of  water-tube  boiler,  particularly  in  such  forms  as  the  Climax, 
facribed  on  p.  98,  and  two  of  the  forms  of  Messrs.  Thornycroft's 
hot  gases  have  simply  to  find  their  way  between  inter- 
left  between  pipes  in  which   water  is  circulating,  the  pipes 
nog  curved  in  various  forms. 
Nearly  all  forms  of  water-tube  boiler  have  a  mud  drum  placed  at 
bottom  of  the  rectangular  space  mentioned,  where  the  boiler  is  of 
igular  form,  the  mud  drum  having  the  same  office  as  the 
Md  hole  in  Lancashire  boilers,  and  the  mud  drum  described  in 
ion  with  some  forms  of  multitubular  boilers. 


An  Advantage  Claimed  for  Water-tube  Boilers 
with  High  Pressures 

One  reason  for  the  increase  in  the  use  of  water-tube  boilers  during 
oyit  years  is  the  increase  of  the  steam  pressures  that  has  been 
•fared  to  in  the  first  chapter.     In  the  formulas  given  for  the  work- 

E  pressure  of  boilers  with  different  patterns  of  furnaces  on  p.  65  it 
be  remembered  that  the  diameter  of  the  furnace   formed  the 
faouinalor  uf  the  fractions  comprising  the  formula?.     A  similar 


8o       STEAM    BOILERS,    ENGINES,    AND    TURBINES 


formula  is  employed  for  the  working  pressure  allowable  with  Oorniflfc 
or  Lancashire  boilers,  for  the  boilers  themselves. 

In  both  formulas  the  working  pressure  allowable  with  any  giren 
thickness  of  boiler  place  and  other  construction  depends  itr 
upon  the  diameter  of    the  boiler.     The  larger  the  diameter  of  the 
boiler,   the   thicker  must   be   the  steel  plate   of  which    the  boiler  i* 
composed  for  a  given   pressure,  and  it  will  easily  be   understood 
that  as  boiler  pressures  increase,  the  sizes  of  the  boilers  must  either 
be  limited  or  the  thickness  of  the  boiler  plate  must    be  increased 
considerably,    and    with    it    the  cost    of  working,    the    cost    of    ihc 
material  itself,  and   the   efficiency  of   the  boiler  will    be  reduced, 
ii'.iu   the  fact  that  the  increased  thickness  of  the  plate  will  allow 
only  a  smaller  quantity  of  heat  to  pass  from  the  hoc  gases  through 
tho    boiler  shell    to  the  water    at  the  sides    and   bottom.     So  far, 
makers  of  Lancashire  boilers  have  had  no  difficulty  in  constructing 
boilers  for  pressures  of  200  lb3.,  which  is  rather  higher  than  most  steam 
Ogen  care  to  go  at  the  present  time,  except  for  steamships  and  special 
coses.     There  is  also  no  difficulty  whatever  in  arranging  batteries  of 
boilers,  and  this  is  merely  a  continuation  of  the  plan  that  was  neces- 
sarily  adopted  in  low-prossuro  days,  because,  as  already  explained, 
much  more  steam  was  required  with  low  pressures  than  with  high. 
On  the  other  hand,  there  can  be  no  doubt  that  the  increase  of  steam 
pressures  has  increased  the  strain  upon  the  boiler  sheila  in  the  case 
of  the  Lancashire  and  Cornish  boilers.    It  will  be  remembered  that  with 
all  fluids,  liquids,  and  gases  the  pressure  communicated  to  any  pari 
of  a  body  of  fluid  is  transmitted  through  the  fluid  equally  in  ail 
directions,  and  this  applies  to  the  case  of  the  mixed  fluids,  the  water 
and  steam  in  Lancashire  and  Cornish  boilers.     When  water  only  is  in 
tho  boiler,  as  when  it  is  first  filled  up  for  steam  raisiug,  the  only  ji 
upon  any  part  is  that  due  to  the  weight  of  the  water.     When 
is  formed,  however,  the  pressure  acquired  by  the  steam  is  transmitted 
through  the  body  of  the  steam  in  the  steam  space  arid  through  the 
body  of  the  water  in  the  water  space  to  every  part  of  the  boiler,  and  par- 
ticularly to  the  boiler  shell,  the  pressure  so  transmitted  acting  radiafly 
upon  the  rings  of  which  the  boiler  is  built  up,  and  tending  to  force 
the  seams  open,  or  to  hurst  a  plate  if  there  is  any  flaw  iu  it.     The 
pressure  in  pounds  exerted  upon  any  ring  of  the  boiler  is  found  by 
multiplying  the  total  surface  of  tho  ring  iu  inches  by  the  prat 
of  the  steam  in  pounds.     Thus,  taking  a  riug  6  feet  in  length  and  a 
boiler  of  8  foot  in  diameter  and  a  steam  pressure  of  200  lbs.,  the  total 
forme  exerted  by  the  steam  tending  to  open  the  joint  of  the  ring,  or  to 
rupture  the  plate  of  which  the  ring  is  formed,  is  found  by  the  formula— 

F  =  Px  D  xLXtt 


where  P  is  the  steam  pressure  in  pounds,  D  is  the  diameter  of  the 


. 


Pi^Tfc  4\  — Three-furnace  marine  Wler,  undo  by  the  Central  Engineering  Worka, 

Hartlepool. 


Plat*:   4h, — Thorny  croft  watur-Lu bo   boilers,  arranged  for  ahip  work.    The  steam 
drums  ore  seen  at  the  top,  the  furnaces  below,  tho  tubes  being  inaido  the  cafliufc. 
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uler  in  inches,  L  is  the  length  of  the  ring  in  LilchOB,     For  the  case 

ientioned,  P  is  200.  D  i3  96,  L  ia  72.  and  F  will  therefore  =  about 

>ns. 

Though  there  is  do  difficulty  whatever  in  providing  material  to 

in,  nor  to  make  joints  in  the  material  of  which  the 

tier  is  composed  also  to  resist  the  strain,  it  will  be  seen  at  once  that 

T.  aa  in  the  case  of  all  Wator>tube  loiters,  the  largest  diameter  of  any 

\ei  exposed  to  steam  pressures  is  reduced    to,  say,  3  feet  the 

chance  of  rupture  of  the  shells  of  which  the  vessels  are  composed  is 

rnortnously  reduced,  and  hence  higher  pressures  can  be  employed 

greater  confidence  where  boilers  are  in  the  hands  of  men  TOO 

not  always  as  careful  aa  they  might  he ;  and,  again,  it  ia  possible 

to  economise  in  the  material  of  which  the  boilers  arc  constructed. 

It  will  he  noted   alto   that   in   the   water-tube   boiler,   the  major 

irtiou  of  the  apparatus  is  exposed  to  very  much  smaller  strains 

mn  those  to  which  the  larger  portion  of  Cornish  and  Lancashire 

md  multitubular  boilers  are  exposed. 

Convenience  of  Transport  of  Water-tube  Boilers 

Another  undoubted  advantage   that   is   claimed  for  water-tube 

re  is  their  great  convenience  for  transport  and  for  iittiug-up. 

eaaaporting  machinery  to  the  Colonies  or  to  foreigu  countries,  it 

teat  conv  to  be  able  to  take  machines  apart  into  portions 

that  are  handled  and  packed  easily,  and  the  packages  of  which  can 

handled  by  the  cranes,  otc,  on  dock  sides.     It  will  be  seen  from 

descriptions  which  follow,  that  water-tulto  boilers  render  them- 

'ivemently  to  this:  the  headers,  the  tubes,  the  drums. 

ie  furnace,  the  uprights,  the  girders  all  being  able  to  l>e  taken  apart. 

counted  with  the  aid  of  a  proper  plan,  where  they  are  to  be 

are  other  cases  even  in  this  country  where  this  con- 
venience is  of  great  service.  In  Lun  Ion  and  many  of  our  large 
towns,  a  and  establishments;  such  as  hospitals,  hotels,  etc., 

irn  up  in  the  middle  of  populous  districts,  aud  have  been 
lually  built  in,  with  the  result  that,  if  it  has  been  necessary  either 
boilers  or  change  them  for  larger  ones,  it  has  been  absolutely 
able  to  get  in  a  Lancashire  or  Cornish  boiler  without  pulling 
D  of  the  wall  of  the  building.     With  the  water-tube 
the  difficulty  is  very  much  reduced. 


he  Water  Circulation  in  Water-tube  Boilers 

eetion  of  the  circulation  of  water  in  a  boiler  has  been 
ieall  with  generally  in  the  first  chapter,  and  in   connection   with 

Q 
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Cornish  and  Lancashire  boilers  on  p.  54.  It  is  claimed  for  water-tut« 
boilers  that  their  construction  renders  water  circulation  very  much 
more  easily  accomplished,  and  very  much  more  efficient.  In  all 
forms  of  water-tube  boiler,  as  will  be  seen  from  tho  descri 
which  follow,  a  certain  portion  of  the  tubes  in  which  the  water  lies  is 
exposed  to  the  hottest  portion  of  the  hot  gases,  other  portions  of  the 
tubes  being  exposed  to  cooler  parts  of  the  gases,  and  still  other  parts 
to  still  colder  portions ;  the  result  being  that  there  is  a  considenible 
difference  in  tho  quantity  of  heat  transmitted  through  the  tuba  to 
the  water  lying  in  them  in  one  part  of  the  bank  of  tubes  than  in 
the  others,  this  leading  to  the  greater  expansion  of  the  water  b 
portion  of  the  tubes,  and  therefore  to  the  rise  of  the  water  exposed  to 
the  greater  heat,  its  place  being  taken  by  water  from  the  part  exposed 
to  a  cooler  portion  of  the  gases,  which  in  its  turn  has  been  forced  away 
by  heat  from  its  own  place,  and  so  on,  the  result  being  a  continuous 
motion  of  the  water  through  the  tubes  and  through  the  drums  on  the 
top  provided  for  it. 


The  Furnace  of  Water-tube  Boilers 


Practically  the  whole  of  the  space  under  the  lowest  bank  of  tubes 
in  the  front  portion  of  the  rectangular  space  enclosed  by  the  link 
walls  described  forms  the  furnace,  the  whole  width  being  filled  with 
fire-bars  extending  from  front  to  back  for  the  usual  distance  (about 
6  feet),  the  bars  being  supported  in  the  centre  of  their  length  in 
the  usual  way.  The  fire-bars  form  a  platform  for  the  fuel,  extending: 
the  whole  width  of  ihe  boiler.  There  must.  Ite  one  or  two  furnace 
doors  and  one  or  two  ash-pit  doors,  us  shown  in  the  various  drawing*. 


Forms  of  Water-tube  Boilers 

The  Babcock. — As  mentioned  above,  the  forma  of  water-tube 
boilers  are  very  numerous.  The  Babcock  and  Wilcox  boiler  is  one 
of  those  beat  known  in  this  country  and  in  America.  It  in  shown  in 
section  in  Plate  5a,  and,  aa  will  be  seen,  it  comprises  a  number 
of  tnbes,  usually  of  about  4  inches  in  diameter,  arranged  at  an  angle 
of  30°  with  the  horizontal,  the  tubes  sloping  downwards  from  ihe 
front  towards  the  back  of  the  boiler.  The  tubes  are  arranged  in 
vertical  banks,  each  of  n  certain  number,  eight  being  a  favourite,  and 
a  certain  number  of  vertical  rows  are  arranged  side  by  side,  according 
to  the  work  the  boiler  is  to  perform.  At  the  front  and  back  of  the 
boiler  the  tubes  are  expanded  into  what  are  termed  headers,  which 
are  practically  boxes  arranged  to  enable  the  tubes  to  be  reached  for 
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cleaning,  and  which  also  receive  the  steam  from  tlie  tubes,  and  the 
water  from  the  drum  above,  conveying  the  steam  to  the  drum,  and 
the  water  back  to  die  inbes.  The  headers  are  fixed  at  right  angles 
to  the  tubes,  the  front  headers  being  connected  by  short  tubes  with 
the  under  side  of  the  steam  drum,  the  back  headers  being  also  con- 
nected with  the  rear  part  of  the  steam  drum  by  long  tubes,  as  shown. 
The  steam  drum  or  drums  (there  are  more  than  one  for  large  sizes  of 
boilers)  are  placed  longitudinally  over  the  tubes,  and  the  circulation 
of  the  water  and  steam  is,  from  the  front  end  of  the  tubes  through 
front  headers  to  the  steam  drum,  through  the  water  in  the  steam 
rum  to  the  tubes  leading  to  the  back  headers,  and  thence  to  the 
back  headers  and  the  tubes  again. 

The  rectangular  space  forming  the  furnace  and  combustion 
chamber  is  divided  by  a  fire  bridge  of  fire-brick  at  the  back  of  the 
furnace,  somewhat  similar  to  the  usual  bridge  at  the  back  of  the 
furnace  of  Lancashire  and  Cornish  boilers,  but  the  liridge  is  extended 
upwards  to  a  rather  greater  height  than  is  usual  in  Lancashire  and 
'  toroiah  boilers,  and  from  its  top  a  fire-brick  baffle  extends  through 
the  nest  of  tubes,  being  fixed  at  right  angles  to  them,  tu  the  under 
side  of  the  steam  drum,  or,  where  one  is  used,  to  the  under  si  Ji 
the  superheater,  as  will  be  explained  later.  At  the  back  of  the 
rectangular  space,  as  will  be  seen  from  Plate  5a,  the  bottom  header 
is  met  by  a  tire-brick  bridge  and  baffle,  and  there  is  a  third  fire- 
rick  baffle  about  halfway  between  that,  connected  to  the  furnace 
bridge  and  the  back  headers.  From  the  illustration  it  will  be  seen 
that  the  front  portion  of  the  tubes,  comprising  half  their  length,  is 
exposed  to  the  radiation  from  the  glowiug  fuel  on  the  grate-bars, 
and  to  the  hot  gases  at  their  highest  temperature.  It  will  be 
understood  that  the  hot  gases  thread  themselves  between  the  tubes, 
licking  round  the  tubes  as  flames  do,  then  passing  upwards  to  the 
part  of  the  steam  drum,  down  over  the  portion  of  the  tubes 
between  the  two  middle  baffles,  up  through  the  rear  portion  of  the 
tubes,  across  the  back  headers,  and  the  tubes  connecting  them 
to  the  boilers,  and  thence  down  to  the  flue  leading  to  the 
•  himney. 

Where  a  superheater  is  employed  of  the  Bubcock  and  Wilcox 
type,  as  seen  in  Plate  6a,  it  is  tixed  in  the  upper  portion  of  the 
rectangular  space  forming  the  heating  chamber,  and  receives  the 
hot  gases  as  they  pass.  The  Babcock  and  Wilcox  Company  also 
manufacture  a  special  form  of  their  water-tul»e  boiler  for  use  on 
roard  ship.  The  prinoipol  difference  totwuen  the  marine  type  of 
Bal»cock  boiler  and  the  land  type  is  really  the  form  and  arrangement 
of  the  tubes.  They  are  arranged  as  in  the  other  boiler,  at  a  slight 
inclination  with  the  vertical,  but  there  are  a  very  much  larger  number 
of  them ;  they  are  smaller,  and  fixed  very  much  more  closely  together. 
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In  fact,  the  arrangement  reproduces  the  multitubular  marine 
boiler  described  on  p.  70,  but  with  the  tubes  arranged  to  hold  thfl 
water,  and  with  tho  hot  gases  playing  around  them,  in  place  of  as  in 
the  fire-tube  boiler,  the  gases  passing  through  the  tubes,  and  tin 
being  round  them.  The  steam  drum  is  fixed  directly  above  the  tubes, 
connected  to  the  front  headers  by  very  short  tubes,  and  to  the  back 
headers  by  longer  ones,  the  drum  itself  being  fixed  at  right  angte 
to  the  line  of  the  tubes,  instead  of  parallel  with  them.  As  on  lioani 
ship,  it  is  not  convenient  to  have  brickwork  in  the  same  manner  as 
on  shore ;  the  sides  of  the  furnace  only  are  lined  with  fire  brick,  and 
the  whole  structure  is  surrounded  by  a  removable  wrought-iron 
casing. 


The  Stirling  Water-tube  Boiler 


In  the  Stirling  water-tube  boiler  the  tubes  are  arranged 
differently  from  the  Babcock.  Longitudinal  and  transverse  sections 
of  the  boiler  are  shown  in  Fig.  12.  There  is  the  same  arrangement 
for  supporting  the  drums  and  tubes,  and  the  same  rectangular 
heating  chamber;  but  the  tubes,  which  are  in  three  separate  banks, 
nrc  fixed  at  a  very  different  angle  to  those  in  the  Babcock  boiler. 
There  is  one  drum,  the  mud  drum  referred  to  above,  fixed  at  the 
back  of  the  boiler,  and  the  three  banks  of  tubes  are  fixed  betwNB 
the  three  drums  above,  and  the  mud  drum  below.  This  necessarily 
leads  to  the  inclination  of  the  different  banks  of  tubes  with  the 
vertical,  being  different.  As  will  be  noticed  from  the  drawing,  the 
rear  bank  is  very  nearly  vertical,  and  its  tubes  are  curved  round 
slightly  towards  the  bottom,  to  enable  them  to  enter  the  mud  drum 
in  a  convenient  manner.  This  bank  of  tubes  is  fixed  between  the 
rear  drum  above  and  the  mud  drum.  The  next  bank  of  tubec  i- 
fixed  between  the  middle  drum  above  and  the  mud  drum,  and  is 
slightly  more  inclined  with  the  vertical,  its  lower  ends  also  being 
slightly  curved,  where  they  enter  the  mud  drum.  The  front  bank 
of  tubes  is  still  more  inclined  to  the  vertical,  and  connects  the  front 
upper  drum  with  the  mud  drum.  The  furnace  is  fixed  in  the 
front,  in  a  similar  position  to  that  in  the  Babcock  boiler.  There 
is  only  a  small  bridge  at  the  back  of  the  furnace,  but  there  is  a  roof 
of  fire-brick  over  the  front  of  the  furnace,  and  extending  for  three- 
quarters  of  the  length  of  the  furnace  bars,  this  roof  tending  to  Ion 
a  combustion  chamber.  As  in  the  Babcock  and  other  water-tut»e 
boilers,  there  are  fire-brick  baffles  fixed  in  the  Stirling  boiler,  arranged 
to  direct  the  course  of  the  hot  gases  over  the  whole  length  of  the 
tubes  before  passing  to  the  chimney.  There  is  a  baffle  behind  the 
front  bank  of  tubes,  extending  for  three-quarters  of  their  length 
from  the   mud   drum  upwards,  so  that   the  hot  gases  are  obliged 
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to  pass  longitudinally  along  the  tubes  until  they  reach  nearly  to  tic 
front  steam  drum. 

The  second  bank  of  tubes  have  a  baffle  fixed  behind  them, 
extending  from  the  middle  eteain  drum  downwards  for  three  parts 
of  their  length,  so  that  the  hot  gases,  after  passing  through  the  leugtli 
of  the  front  bank,  pa39  across  to  the  top  of  the  second  liank,  longi- 
tudinally down  their  full  length,  and  thence  across  to  the  rear  bank 
The  rear  bank  is  protected  partly  by  a  fire-brick  wall,  forming  pan 
of  the  flue  leading  to  the  chimney,  and  partly  by  a  baffle  fixed  bemad 
them,  extending  upwards  for  about  three  parts  of  their  length,  the 
hot  gaaes  therefore  being  obliged  to  pass  along  the  rear  bank  longi- 
tudinally, and  thence  passing  into  the  space  that  will  be  seen  behind 
them,  and  downwards  to  the  chimney  rluo.  There  is  the  same 
arrangement  in  the  Stirling  boiler  for  making  the  bailer  of  anj 
capacity  up  to  a  certain  size.  The  tubes  are  arranged  in  rows  or 
stacks,  of  a  certain  nuinlier,  six  or  eight,  reckoning  from  front  to 
luck,  and  as  many  vertical  rows  are  fixed  side  by  side  ns  m.'iy  bt 
required  for  the  evaporation  the  boiler  is  to  furnish.  The  B 
Boiler  Company  also  provide  a  superheater,  which  is  fixed,  as  will 
be  seen  in  the  drawing,  between  the  two  front  banks  of  tubes,  a 
baffle  below  the  lower  end  of  the  superheater  ensuring  that  the  hoi 
gases  pass  over  the  superheater  tubes. 

The  drums  of  tho  Stirling  boiler  are  all  fixed  at  right  angles  to 
the  front  of  the  boiler,  as  shown  in  Fig.  12.  The  three  upper  drums 
have  their  steam  spaces  connected  by  pipes,  as  shown,  and  the  ivo 
foremost  drums  have  their  water  spaces  connected  by  tubes. 

The  feed  water  is  supplied  to  the  rear  drum,  and  it  is  claimed  l»v 
the  Stirling  Company  that  tho  vertical  arrangemeut  of  the  rear  tubes, 
and  the  fact  that  they  are  subject  to  the  gases  at  comparatively  low 
temperature,  heats  the  water  sufficiently  to  allow  it  to  deposit  any 
foreign  sul«tauces  iu  the  mud  drum  at  the  bottom,  from  which  it  can 
be  removed  by  the  pipe  shown  in  the  drawing.  The  circulation  of 
the  water  then  is  from  the  rear  steam  drum,  downwards  to  the  mud 
drum,  upwards  through  the  two  banks  of  tubes  to  the  two  upper 
drums,  It  will  be  noticed  that  the  rear  drum  and  the  front  drum 
are  shown  as  having  a  greater  depth  of  water  than  the  middle  drum. 
It  is  from  the  middle  drum  that  the  steam  is  taken.  On  the  other 
hand,  the  front  lwink  of  tubes  receive  the  greatest  amount  of  heat, 
and  it  may  be  supposed  that  the  largest  portion  of  the  steam  is 
produced  iu  them,  the  steam  bubbles  rising  through  the  water  in 
tubes,  into  the  water  in  the  front  drum,  thence  passing  into  the  steam 
space  in  the  front  drum,  and  thence  by  the  connecting  pipe  to  the 
steam  space  of  the  middle  drum.  Steam  is  also  produced  in  the  middle 
bank  of  tubes,  and  takes  its  course  through  the  length  of  the  tube* 
and  the  water  in  the  bottom  of  the  middle  drum  to  its  steam  space. 
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The  Nesdrum  Water-tube  Boiler 

This  boiler,  made  by  Messrs.  Richardson,  Westgarth  &  Co., 
presents  several  novel  features,  but  the  main  principles  of  its  con- 
struction are  the  same  as  those  of  the  boilers  already  described. 
There  is  the  same  rectangular  space  enclosed  by  fire-brick  and  glazed 
bricks,  built  in  round  the  Itoiler  tubes  and  drums,  the  steam  drum 
and  the  banks  of  tubes  to  be  described  being  supported  by  a  girder, 
fixed  on  iron  pillars,  as  in  the  other  forms  of  boiler.  There  is  only 
one  steam  drum,  and  there  are  three  or  four  banks  of  tubes,  according 
to  the  size  of  the  boiler.  But  the  banks  or  nests  of  tubes  are  arranged 
in  a  peculiar  manner :  several  tubes  of  a  given  diameter  are  expanded 
into  cylindrical  headers,  which  are  really  small  drums.  There  is  one 
nest  of  tubes  standing  vertically  at  the  back  of  the  boiler,  with  a 
comparatively  large  cylinder  at  its  top  and  bottom.  Near  the  front 
of  the  boiler  are  two  or  three  nests  of  tubes,  according  to  the  size  of 

ulor,  each  having  n  large  header  cylinder  nt  tlie  top,  and  a  small 
nut:  .it  the  bottom.  These  two  or  three  nests  are  arrauged  parallel 
with  each  other,  and  slightly  inclined  to  the  vertical,  The  steam 
drum  proper  is  fixed  l>etween  the  upper  header  of  the  rear  bank  of 

,  and  that  of  the  rear  of  the  three  front  banks.  The  Bteam  drum 
Uarif  and  the  upper  cylinders  of  the  banks  of  tubes,  all  act  as  steam 
drums.   They  are  all  usually  filled  partly  with  water  and  partly  with 

L  They  all  have  their  steam  and  water  spaces  connected  together 
by  pipes.  The  banks  of  tubes  are  protected  by  fire-brick  baffles,  in 
a  similar  manner  to  those  of  the  Stirling  boiler,  the  front  bank  having 
a  battle  behind  the  tubes,  extending  from  the  rear  header  about  two- 
thirds  of  the  length  of  the  tubes.  The  next  bank  has  a  battle  behind 
Etl  tubes,  extending  from  the  upper  header  about  halfway  down  the 
length  of  the  tubes ;  the  third  bank,  where  there  is  one,  has  a  baflle 
behind  its  tubes,  extending  from  the  lower  header  about  two-thirds 
of  its  length.  There  is  a  horizontal  bafHe  between  the  top  of  the 
baffle  on  the  third  bank,  meeting  the  rear  vertical  bank  about  one- 
third  of  the  way  down.  Where  there  are  only  two  front  banks  of 
tubes,  a  baffle  is  carried  from  between  the  bottom  headers  of  tin: 
rear  vertical  bank,  and  the  second  inclined  bank  upwards,  and  then 
horizontally  to  meet  the  vertical  bank,  at  about  one-third  of  its 
length  from  the  top.  There  is  another  baffle  fixed  horizontally 
behind  the  rear  vertical  bank  of  tubes,  and  there  is  yet  another 
baffle  in  front  of  the  lower  part  of  the  rear  bank  of  tubes. 

The  furnace  is  fixed  in  the  front  of  the  boiler,  as  in  the  other 
cases.  There  is  a  low  fire-brick  bridge  at  the  back  of  the  furnace 
bars,  and  the  hot  gases  pass  up  the  front  of  the  front  bank  of  tubes, 
curl   over  the  upper  portion  of  the  front   hank,  down   between   tfafl 
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two  front  banks,  across  the  body  of  the  second  bank,  up  bel 
the  second  and  third  banks,  where  there  is  a  third  bank,  &gkm 
body  of  the  top  of  the  third  bank,  across  the  body  of  the  top  of  tbe 
rear  bank,  back  into  the  body  of  the  rear  hank,  and  vertically  ntan- 
wards  along  the  roar  bank  to  the  flues, 

A  superheater  is  fixed  in  the  heating  chamber,  between  tin 
bank  of  tubes  nnd  the  Inst  of  the  inclined  banks.     The  boiler  is  also 
arranged  on  the  same  lines  as  the  Babeock,  Stilling,  and  other?,  to 
be  built  up  to  any  size  within'  certain  limits,  by  fixing  two  or  mort 
nests  in  each  row,  side  by  side. 

The  bottom  header  of  the  rear  bank  acta  as  the  mud  drum  (or 
the  boiler,  the  feed  water  being  supplied  to  the  upper  header  of  the 
same  bank,  and  the  circulation  being  very  much  as  in  the  Stirling 
The  water  passes  first  down  the  rear  bank  of  tubes,  then  from  the 
rear  header  to  the  other  lower  headers,  and  from  them  up  the  inclinsd 
banks  to  their  headers,  as  it  is  formed,  passing  up  through  the 
into  the  steam  spaces  in  each  header,  and  thence  to  the  steam  b\**x 
in  the  stearn  drum,  Circulation  of  the  water  in  all  of  these 
of  boiler  is  from  the  water  in  the  steam  drum,  and  through  the  tubtt 
as  explained,  round  and  round.  The  steam  drum  in  the  Nee 
boiler  is  fixed  at  right  angles  to  the  line  of  the  front  of  the  boiler. 


The  Woodeson  Water-tube  Boiler 


This  boiler,  which  is  made  by  Messrs.  Clarke,  Chapman  A 
of  Gateshead,  is  somewhat  similar  to  tho  Nesdrum.  There  are  three 
drums  above,  and  three  below,  the  upper  drums  being  the  steam 
drums,  and  the  lower  water  drums,  and  the  three  pairs  of  drums  are 
connected,  as  shown,  by  banks  of  tul>es,  the  tubes  connecting  the 
rear  drums  being  vertical,  those  connecting  the  middle  drums  :i  littlfl 
iucliued  to  the  vertical,  and  those  connecting  the  front  drums  still 
more  inclined.  The  three  upper  drums  are  connected  by  cross  tnbfli 
as  shown,  in  the  steam  and  water  spaces,  and  the  three  lower 
drums  are  also  connected  by  cross  tubes.  The  drums  are  all  livl 
at  right  angles  to  the  line  of  the  boiler  front.  There  is  a  steam 
dome  or  receiver  fixed  above  the  upper  drums,  and  it  is  from  1  h  is 
that  the  steam  is  taken.  Tho  arrangement  of  tho  masonry. 
very  similar  to  that  of  the  boilers  that  have  been  described,  iron 
girders  standing  upon  iron  uprights  supporting  the  upper  drums, 
upon  which  they  rest,  and  the  lower  drums  being  supported  by  the 
tubes  to  which  they  are  connected,  the  rectangular  space  form- 
the  uprights  and  girders  being  built  in  with  fire-brick  in  the  usual 
way,  the  steam  drums  standing  alxne.  The  furnace  occupie?  its 
usual    position    in    front,  and   there  are  baffles    behind    the    tubal, 


Plat*   6a. — Haboools   and   Wilcox  Boiler,  with  Chain  (Hate,  Kti-koruiwl  Superheater, 
with  iTRkvork  n.1  moved  to  hhow  the  Tubes,  Furmicc,  etc. 


iler   oud«    i-y  M--  n.   W»r«b»1l,  »i!.h  a  portion  of  tbo 
cnoU't-ing  brickwork  removed  to  .-ln.w  tba  1 

/  ■  fact  _p.  88. 
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arranged  to  direct  the  course  of  the  hot  gases  over  the  tubes  and  the 
under   side   of   the   drums   in    succession.     The  boiler  is  shown 
section  in  Fig.  13.    The  superheater,  when  employed,  is  fixed  beti 
the  rear  banks  of  tul>es,  and  is  of  the  form  shown. 

The  groups  of  tubes  are  expanded  into  flat  discs,  which  f<»i 
part  of  the  upper  side  of  the  mud  drums,  and  the  lower  rida 
the  steam  drums,  and  above  the  steam  drums  are  arranged  hai 
holes,  by  which  any  of  the  tubes  may  be  reached.  The  feed  water 
is  carried  into  the  rear  steam  drum,  and  passes  down  the  bank  of 
tubes  to  the  rear  mud  drum. 

It  is  claimed  that  the  large  area  of  the  mud  drums  ensure  the 
complete  removal  of  foreign  matter  from  tho  water  in  the  boiler. 

It  will  be  noticed  also  that  in  this  form  of  boiler,  provision  is 
made  for  expansion  and  contraction,  by  the  fact  that  the  lower 
are  free  to  move  in  any  direction. 


Water-tube   Boilers  with   Horizontal,   or  Neai 
Horizontal  Tubes 

There  are  a  number  of  forms  of  water-tube  boilers  on  the  market, 
in  which  the  tubes  are  horizontal,  or  nearly  so.     The  geueral  con- 
struction of  all  of  them  is  very  much  on  the  lines  of  that  irf  Ibfl 
Babcock-Wilcox,  but  each  one  of  them  has  some  special  feature  of 
its  own,  for  which  special  advantages  are  claimed.     There  ar>. 
portions  of  the  apparatus  in  which  the  different  forms  of  this  type  of 
boiler  differ  from  each  other,  and  from  the  Babcock,  viz.  in  the 
and  arrangement  of  the  headers,  and  in  the  course  of  the  hot  gases  over 
the  tubes.     In  all  forms  of  this  type  of  boiler,  and  practically  in  all 
forms  of  water-tube  boiler,  the  tubes  are  staggered,  that  is  to  say, 
alternate  tubes  of  the  same  vertical  row  are  slightly  displaced  t<  ill- 
right  or  left,  so  that  the  gases  have  an  easy  passage  between  I 
and  between  the  successive  horizontal  rows,     This  arrangement,  u 
will  l»e  seen,  necessitates  a  special  method  of  connecting  the  tUDM 
at  the  headers.     In  the  Babcock-Wilcox,  the  headers  of  each  vertical 
row  of  tubes  is  separated  from  the  remainder,  the  header  itself  being 
curved  to  meet  this  requirement.      In  several  of  the  other  forms 
of  this  type  of  boiler,  the  headers,  both  back  and  front,  are  formed 
into  one  water  leg,  as   it  is    termed.      Practically  the  headers  in 
these  cases  are  formed  of  boxes  and  tanks,  closed  at  the  bottom,  and 
opening  at  the  top  into  the  steam  drum,  the  tubes  being  expanded 
into  one  side  of  them.     It  should  be  mentioned,  en  pasaavl 
in  all  these  forms  of  boiler,  arrangements  are  made  for  gettii 
each  individual  tube  easily,  for  cleaning,  or  for  plugging  up  in  case 
of  the  tube  being  damaged.     For  this  purpose  the  outside  covers  and 
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headings,  the  covers  away  from  the  tubes,  are  all  pierced  with 
>les  opposite  to  each  tube,  the  holes  beiug  closed  by  means  of 
ioofl  forms  of  covers,  plugs,  etc.,  that  are  easily  removed,  when 
if  tul>e  is  to  be  got  at. 
In  the  Balicock  header  hand  holes  are  made  in  each  header,  as 
shown,  and  in  the  other  forms,  where  there  is  a  water  leg,  they  are 
made  in  the  side  of  the  tank  forming  the  water  leg. 


Marshall's  Water-tube  Boiler 

Messrs.  Marshall  &  Sous  of  Gainsborough  make  a  water-tube 
>iler,  shown  in  Plate  5b,  in  which  it  will  bo  seen  the  steam 
im  is  fixed  parallel  with  the  tulfes,  both  being  slightly  inclined  to 
le  horizontal.  There  are  water  legs  at  each  end,  into  which  the 
ibes  are  expanded,  as  explained  on  p.  90,  riveted  at  the  top  end 
to  the  steam  drums,  openings  being  cut  in  the  drum  to  provide  for 
the  connection,  the  joint  being  strengthened  with  plates  on  either 
on  the  lines  of  the  butt  joint  described  in  connection  with  the 
Lancashire  boiler.  The  front  and  back  plates  of  each  of  the  water 
legs  are  tied  together  by  hollow  steel  screwed  stays,  the  tubes  formed 
by  these  stays  being  employed  when  the  boiler  is  fixed  in  its  place, 
for  inserting  a  steam  jet  pipe  to  chum  off  the  soot  from  the  outside 
of  the  tubes.  The  furnace  of  tho  boiler  is  arranged  for  burning 
practically  any  kind  of  fuel.  The  tubes  are  of  solid  drawn  steel. 
The  course  of  the  hot  gaseB  is  as  follows.  There  is  a  fire-brick  arch 
under  the  lower  bank  of  tubes,  over  the  furnace,  the  arch  extending 
to  a  little  beyond  the  fire  bridge.  There  are  battles  also  above  tho 
upper  row  of  tubes,  extending  from  the  back  header,  three-quarters 
Of  the  way  to  the  front  header.  The  hot  gases  pass  from  the  furnace 
be  tire  bridge,  up  over  the  rear  end  of  the  tubes,  along  the  tubes 
longitudinally  from  back  to  front,  over  the  front  end  of  the  upper 
tubes,  along  the  under  side  of  the  steam  drum,  and  from  the  rear  of 
the  steam  drum  by  a  down-take  flue  to  the  chimney. 


Davey,  Paxman's  Water-tube  Boiler 


Messrs.  Davey,  Paxman  &  Co.'s  water-tube  boiler  has  two  sets 
of  tubes,  the  under  set  inclined  slightly  to  the  horizontal,  and 
dipping  away  from  tho  front  end,  the  upper  set  inclined  al9o  slightly, 
but  rifling  from  the  front  end.  The  headers  arc  in  the  form  of  water 
legs,  the  back  header  being  longer  in  a  vertical  than  the  front  header, 
and  lx)th  are  connected  directly  to  the  steam  drum,  very  much  in 
the  same  way  as  Marshall's.     There  is  also  11  mud  drum  at  the  rear 
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of  the  boiler,  to  which  a  circulating  tube  is  carried  from  the  I 
drum.     The  tubes  are  solid  welded,  and  there  are  the  usual 
holes  in  the  headers  opposite  each  tube,  the  covers  of  the  hand 
being  made  with  Messrs.  Davey,  Paxman'a  metallic  joint. 


The  Wood  Water-tube  Boiler 

This  boiler  is  made  by  Messrs.  Allis,  Chalmers  &  Company 
America,  and  Messrs.   Fraser  &  Chalmers  in  this  country. 

steam   drum   is  f 
parallel  with  the 
of    the    tubes, 
arrangement    of    tin- 
tubes  and  headers  pre- 
sent some  special  f«- 
tuxes.   They  an?  shown 
in    Fig.  14.     Th. 
rangement  of  the  tubes 
and  headers  is  some- 
what similar  to  I 
of  the  Nesdmrn  and 
Woodeson  boilers,  tnd 
there  are  a  very  mucb 
larger  number  of  tube* 
in  a  nest,  and  the 
and  their  headers  art 
arranged    slightly   nut 
of  the  horizontal,  in- 
stead of  slightl] 
of  the  vertical,  as  in 
the    Nesdrum.      T1k 
headers  in  the  Wood 
boiler  are  in  the  form 
of  short  cylind 
dished  outer  end~. 
tubes  being  expamlnl 

into    the  inner  B) 
as  in  other  formi 

Fio.  14.— Showing  a  portion  of  the  "  Wood  "  Water-tube  front    header      h 

BoUer,  made  by  Mesbre.  Fraser  and  Chalmers,  with  hand      holes      in      Afl 
part  of  the  Brickwork  and  of  tho  Header  cut  away.       (lignecl  surface.     There 

is   also  a  manh< 
the  centre  of  tho  front  header,  11  i  inches  by  15  inches.     The  hand 
holes  are  arranged,  not  one  for  each  tube,  but  so  that  several  tnU-a  cm\ 
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shed  from  each  hole.  The  holes  are  elliptical  in  shape.  The 
les  with  their  headers  forming  a  complete  vessel,  are  inclined  a  little 

I  the  horizontal,  dipping  away  from  the  front,  and  connection 
i  made  with  the  steam  drum  by  lur^u  pipes  at  tho  back  and  front. 

nurse  of  the  hot  gases  in  this  boiler  is  a  little  out  of  the  usual, 
'he  tubes  are  surmounted  by  a  brick  arch,  and  the  bridge  at  the 
tack  of  the  furnace  extends  close  up  to  the  bottom  row  »•!'  tubes, 
,nd  the  front  of  the  bridge  is  slightly  inclined.  The  hot  gases  pass 
rorn  the  furnace  up  over  the  front  portion  of  the  tubes,  which  an; 
mrnediatoly  above  the  back  of  the  furnace,  then  longitudinally  along 
he  tubes,  then  the)'  pass  around  the  under  side  of  the  back  header, 
he  baffle  preventing  the  gases  from  escaping  at  that  point,  thence 
hey  pass  up  round  the  back  of  the  back  header,  along  the  under 
ide  of  the  steam  drum,  through  a  flue  at  the  front  end  of  the  ICMUB 
Irura,  along  the  flue  shown  above  the  drum,  and  thence  to  tho 
iney. 


The  Galloway  Water-tube  Boiler 

Mrs.  flalloways  make  a  water-tube  boiler  in  which  the  steam 
runs  parallel  from  front  to  back,  and  the  tubes  are  slightly 
telined  to  the  horizontal.  The  headers  at  front  and  back  are 
livided  into  sections,  each  eoction  taking  two  sets  of  tubes,  eacb 
>f  the  sections  of  the  headers  being  connected  with  the  steam  drum 
Dy  two  sets  of  tubes.  Special  cross  boxes  are  provided  for  the 
[leaders. 


American  Boilers  with  Straight,  or  Nearly 
Straight,   Horizontal  Tubes 


There  aro  several  forma  of  boiler  made  in  America,  in  which  the 
rubes  are  nearly  horizontal,  and  each   of  which  has  some  special 
ures  of  its  own. 


The  Atlas  Water-tube  Boiler 

In  the  Atlas  boiler,  which  is  shown  in  Plata  Ba,  the  tubes  dip 
ly  from  the  front  to  the  rear  of  the  boiler,  and  the  headers  uti 
the  water  legs,  or  tanks,  that  have  been  descrilied  on  p.  90.  The 
special  feature  of  the  boiler  is  the  three  drums  shown  in  the  figure. 
The  drum  at  the  rear  of  the  boiler  reodvea  tin-  feed  water,  and,  it  is 
claimed,  purifies  it,  as  explained  below,  extracting  all  foreign  matter, 
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and  thereby  rendering  the  mud  drum  provided  in  other  boileo. 
unnecessary.  The  front  drum  corresponds  to  the  steam  drum  usually 
curried  by  water-tube  boilers,  but  there  is  a  third  drum,  showt 
between  the  other  two,  and  which  is  slightly  smaller,  and  which  ii 
the  steam  drum  proper.  In  addition,  as  will  bo  seen  from  the  illus- 
tration, there  are  another  set  of  tubes  connecting  the  front  and  rear 
drums,  and  there  is  a  third  set  of  tubes  connecting  the  front  drum 
und  the  middle  drum,  and  a  fourth  set,  short  tubes,  connecting  the 
middle  drum  with  the  rear  drum.  The  lower  tubes,  which  ore 
expanded  into  the  inner  plates  of  the  water  legs  in  the  usual  wiy, 
are  the  steam  generators  proper,  and  the  hot  gases  are  directed  ow 
successive  sections  of  them  by  vertical  baffles,  very  much  as 
Babcock,  the  front  ends  of  the  tubes  receiving  the  first  lot  of  hot 
gases  which  pass  over  and  down  over  a  middle  section,  and  then 
upwards  again,  aud  over  a  rear  section.  In  addition  to  this,  how- 
ever, the  hot  gases  pass  upwards  to  the  upper  set  of  tubes,  on  thr 
upper  side  of  which  are  fire-brick  baffles,  enclosed  by  masonry.  The 
tubes  connecting  the  front  and  rear  drums  are  merely  for  rircttlatn| 
the  wuter.  The  water  in  the  front  portion  of  the  lower  tubes  being 
heated,  expands,  some  of  it  forming  steam,  the  ateam  and 
passing  into  the  front  header,  and  thence  into  the  front  drum,  what 
the  steam  is  separated,  rising  into  the  steam  space,  which  should 
occupy  about  half  the  area  of  the  drum.  The  water  panel  oa 
through  the  horizontal  tubes  to  the  rear  drum,  where  it  met: 
feed  water,  and  passes  down  through  the  rear  header,  entering  the 
back  of  the  generating  tubes,  and  from  thence  commend;, 
passage  again.  A  phenomenon  is  worth  noting  here,  that  is  common 
to  all  of  the  water-tube  boilers,  with  tubes  arranged  in  this  manner, 
aud  with  the  hot  gases  passing  over  the  tubes  in  sections,  viz.  :— 
that  the  water  entering  the  tubes  meets  first  the  colder  gases, 
and  has  its  temperature  raised  to  a  certain  degree,  then  passing 
on  to  the  next  section,  its  temperature  is  still  farther  raised,  ami 
then  passing  on  to  the  front  section  it  receives  the  full  force  of  thu 
hottest  gases.  This  is  in  accordance  with  the  latest  modern  pr 
wherever  heat  is  to  be  transferred  from  water  to  gas,  from  gas  I 
from  water  to  water,  etc.,  either  in  raising  steam,  in  conden>i 
heating  air,  in  cooling  air,  or  in  any  other  change.  The  hottest 
portion  of  the  substance  receiving  heat,  or  from  which  heat  is  being 
extracted,  is  always  nearest  the  hottest  portion  of  the  substance  from 
which  it  is  to  receive  heat,  or  to  which  it  is  to  deliver  heat. 

The  steam  separated  from  the  water  in  the  front  drum,  pass* 
along  the  upper  range  of  tubes  to  the  steam  drum  proper,  and  it  is 
claimed  that  in  this  bank  of   tubes  the  steam  is  subject  to  super- 
heating and  drying,  and  that  the  boiler  thence  supplies  perl 
steam.    The  amount  of  superheat  is  not  great,  from  10°  to  80°,  but 
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chimed   that    it    is  sufficient  to  dry  liie  steam.     Any 
mining  in  the  steam,  ib  is  intended  should  pass  by  the  tabes 
iwn,  from  the  middle  drum  to  the  rear  drum- 


The  Water- Purifying1  Apparatus  of  the  Atlas 

Boiler 

The  water-purifying  apparatus  of  this  boiler  is  worth  separate 
ice.  As  mentioned  above,  it  is  claimed  that  the  apparatus 
separates  foreign  substances,  that  will  afterwards  deposit  on  the  inside 
of  the  tubes,  from  the  water  l>efore  it  leaves  the  rear  drum.  The 
purifier  consists  of  a  semi-conical  vessel  with  closed  ends,  but  with 
open  top.  The  feed-water  pipe  discharges  into  one  mi  0 
purifier,  and  at  the  other  end  there  is  a  blow-off  cock,  to  the  outside 
of  the  boiler.  The  purifier  vessel  is  immersed  in  the  water  contained 
in  the  rear  drum,  and  is  supported  from  the  upper  Uflrtlffll  of  the 
drum  by  loose  straps.  It  is  claimed  that  the  water  in  the  purifier 
befog  subject  to  the  heat  of  the  water  and  steam  in  the  rear  d 
has  its  temperature  raised  to  from  250°  to  275°  V.t  whibf  in  the 
purifier,  and  that  it  is  gradually  caused  to  overflow  from  the  purifi*  r 
vessel,  at  the  end  near  which  it  entered  at  this  teiuperalim*,  U  '!>•  h 
passing  down  with  the  water  already  in  the  rear  drum  into  the  rear 
water  leg,  and  thence  to  the  tubes. 

There  is  the  usual  provision  of  hand-holes  in  the  water  legs  for 
cleansing  the  tubes,  and  of  doors  in  the  sides  of  the  masonry,  which 
encloses  the  whole  apparatus;  and  it  will  be  noticed  Chat  tttf 
are  at  right  angles  to  the  line  of  the  tubes. 


The  Heine  and  the  Detroit  Water-tube  Boilers 


These  are  two  boilers  very  similar  in  other  respects  to  those  that 
have  been  described,  but  they  have  one  feature  in  common,  in  winch 
they  differ  from  the  arrangement  of  other  boilers,  viz.  the  course  of 
the  hot  gases  over  the  tubes.  In  the  Detroit  boiler  there  is  a  brick 
arch  over  the  furnace,  extending  back  under  the  tubes,  for  about  three 
parts  of  their  length.  There  is  the  usual  fire-brick  bridge  at  the  back 
of  the  furnace,  and  the  fire-brick  arch  over  the  furnace  creates  a  com- 
bustion chamber  for  the  hot  gases.  The  hot  gases  pass  along  under 
the  fire-brick  arch,  turn  up  over  the  rear  end  of  the  tubes,  and  along 
the  tubes  longitudinally  to  the  front  end.  They  are  prevented 
from  passing  up  through  the  tubes  to  the  upper  part  of  the  boiler, 
at  the  rear  end,  by  a  tile  baffle  extending  for  about  two-thirds  of  the 
length  of  the  tubes.     The  hot  gases  pass  round  the  end  of  this  baffle 
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and  over  its  top,  under  the  lower  part  of  the  steam  drum,  which 
fixed  parallel  with  the  line  of  the  tubes,  and  thence  to  1 1  < 
at  ilio  rear  end,  the  steam  drum  being  covered  by  brickwork. 


Water-tube  Boilers  with  Vertical  Tubes 

Apart  from  the  vertical  boilers  that  will  be  described  later,  and 
that  are  principally  of  a  smaller  type,  used  for  small  work,  Uh 
two  forma  of  water-tube  boilers  in  which  the  tubes  are  arranged  verti- 
cally, or  nearly  so,  they  are  the  Suckling  boilers,  made  bj  Messrs. 
E.  R,  and  F.  Turner,  of  Ipswich,  and  the  Sinclair  boiler,  made  bj 
Messrs.  George  Sinclair  &  Sons,  Lekh.    In  the  Sinclair  there  are  t»u 
drums,  one  below  for  water  and  tho  other  above  for  steam.     In  the 
Suckling  three,  as  shown.    The  upper  drum  corresponds  to  the  sUmu 
drum  of  other  water-tube  boilers,  and  the  drums  in  both  boilers  stan<l 
longitudinally   from  front  to  rear  of  the    boiler.      Iu   the  Sinclair 
boilers  the  upper  and  lower  drum9  are  connected  by  vertical  tubes. 
but  in  the  Suckling,  as  will  bo  seen,  the  three  drums  are  connected 
by  tubes  slightly  curved  and  nearly  vertical.    Iu  the  Suckling  boiler, 
which  is  shown  iu  section  in  Fig.  15,  tho  two  loweff  drums  arc  slightly 
inclined  froui  the  horizontal,  dipping  from  the  front  end  of  the 
and  are  fixed  above  the  furnace.     The  drums  are  connected  by 
legs,  as  shown,  arid  the  vertical  tubes  are  excluded  into  the  drams 
aiiuvoand  below  them.     The  rear  portion  of  the  lower  drum  in  thfl 
Suckling  boiler  is  protected  from  the  furnace  gases  by  a  firr- 
arch,  this  arch  forming,  with  the  usual  tirc-brick  bridge,  a  comb  a 
chamber,  in  which  it  is  claimed  complete  combustion  of  the  hydro- 
carbons, etc.,  is  obtaiued.     As  will  be  seen  from  the  drawing,  t! 
gases  pass  over  the  fire  bridge,  and  thence  vertically  upward- 
the  surfaces  of  the  two  lower  drums  and  connecting  tubes.    The 
water  pipe,  as  will  bo  seen  from  the  drawing,  enters  the  upper  drum 
at  the  rear,  and  passes  a  certain  distance  down  the  lower  c 
pipe  between  the  two  drums,    There  is  a  small  drum  above 
for  the  steam,  in  addition  to  the  other  three.     It  stands  at 
angles. 

In  the  Sinclair  boiler  the  lower  drum  stands  practically  on  die 
ground,  the  furnace  being  fixed  in  tho  front  of  it,  aud  the  verticil 
tubes  are  fixed  in  the  upper  and  lower  drums,  in  special  Ian 
provided  for  them.  Vertical  baffles  are  also  fixed  between  the  I 
dividing  them  into  five  sections,  and  the  hot  gases  pass  from  the  fur- 
nace over  the  fire  bridge,  vertically  upwards  over  the  front  bank  of 
tubes,  between  the  first  baffle  aud  tho  brick  wall  enclosing  the  boiler, 
over  the  upper  end  of  the  bailie,  down  over  the  next  lot  of  tubes  to 
the  end  of  the  next  baffle,  up  over  the  next  lot,  and  so  on,  passing 


Atlas  Co.  8  Wfttor-tobfl  Bofrr,  with  brickwork  removed. 


^H 


— Boiler  u*od  in  the  Whit©  Steam  Cars.     Tho  wiiter  cUcoUka  UttOOgh  Al 
Tubea,  heat  bvinii  supplied  by  tlio  Fotro]  liurner  shown  below. 

[%>fncey      I 
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from  the  lost  bank  of  tubes  through  a  down  take,  in  which  a  super- 
heater is  fixed,  to  the  ehitnney. 


Water-tube  Boilers  with  Curved  Tubes 

Several  forms  of  water-tube  boilers  have  been  worked  out,  in  v 
the  tubes  are  given  various  curved  forms,  and  are  usually  of  smaller 

size   than   is  common  in 
those  that  have  been 
Bcribeil  uUiw. 

The  Climax  Boiler. 
— The  most  striking  torn 
of  boilerwii  h  curved  tubtfl 
is  the  Climax,  made  in  this 
country  by  Messrs.  E  B. 
Rowland  &  Oo 
shown  in  Fig.  16.  The 
principal  feature  of  tic 
boiler  is  the  small  Hour 
space  it  occupies,  the  ap- 
paratus being  arranged 
vertically  instead  of  hori- 
zontally. The  arrange- 
ment of  the  water  tubas 
also  is  peculiar  to  it*elf 
and,  so  far  ns  the  author 
is  aware,  is  not  like  any 
other  boiler.  Further. 
the  whole  arrangement  is 
unique.  There  is  the 
usual  steam  drum,  con- 
uiiiing  water  and  steam, 
as  generated,  but  it  if 
fixed  vertically  in  (li*1 
centre  of  the  boiler.  Tbc 
water  tubes  look  very 
much  like  a  coil  ot 
or  one  of  th- 
taper  that  used  to  be  used 
for  sealing-wax    in    doya 

Fio.  1G.— Internal  Viewof  Climax  Water-tube  Boiler,    gone  by.    There  are  n  vi>r\ 
showing  the  Tubea,  Vertical  Steam  Drum,  etc.         |ftr>,e    number    0f     , , 

and  they  are  benl  into 
the  form  of  a  loop,  of  a  somewhat  irregular  shape,  the  form  btinfl 
uecessarr,  as  will  be  seen  from  Fig.  16,  because  each  tube  has  to  bfl 
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threaded  in  with  the  others.  Each  tube  commences  and  ends  in  the 
central  drum,  hut  i>ne  end  of  each  is  always  at  a  higher  level  than  the 
other,  and  it  will  be  understood  that  the  water  in  the  tubes  is  con- 
tinually passing  from  each  tube  into  the  central  drum,  out  into  another 
tube,  back  to  the  drum,  and  so  on.  The  upper  portion  of  the  central 
cylinder  has  also  a  series  of  diaphragms,  which  it  is  claimed  form  a 
series  of  superheating  chambers,  tlirough  wldch  the  steam  is  compelled 
to  pass  in  its  passage  through  successive  loops  of  the  tubes.  The 
tubes  are  surrounded  on  the  outside  by  a  therms]  insulating  wall,  and 
outside  of  that  again  is  an  iron  casing  enclosing  the  whole  appsi 
thi-  upper  part  of  which  ia  coned,  its  centre  joiniug  the  chimney. 
The  central  cylinder  descends  right  to  the  bottom  of  the  structure, 
the  bottom  providing  a  space  to  which  any  sediment  in  the  water 
can  fall,  and  this  portion  of  the  cylinder  being  accessible  by  means 
of  a  manhole  door.  The  water  tubes  are  supported  simply  by  their 
connection  with  the  central  steam  drum,  which  is  made  of  the  usual 
steel  of  high  tensile  strength,  welded  longitudinally,  in  place  of 
being  riveted.  Space  is  left  below  the  lowest  tube,  sufficient  for 
four  furnaces,  as  shown  in  the  figure,  which  are  of  the  usual  con- 
struction, with  fire  bridge,  etc.,  at  the  back,  and  the  hot  gases  from 
the  furnace  pass  straight  up  between  the  interstices  of  the  tubes,  and 
nver  the  surface  of  the  central  cylinder.  The  upper  portion  of  the 
central  cylinder  is  made  dome-shaped,  and  forms  the  steam  space, 
the  steam  pipe  being  connected  to  it.  The  Banded  space  above  the 
tabes  is  also  mado  U9e  of  for  the  purpose  of  holding  a  feed-water 
heater,  of  soniewliat  novel  construction. 

The  feed-water  heater  consists  of  a  ooil  of  pipe  100  to  300  feet  in 
length,  according  to  the  size  of  the  boiler,  the  pipe  being  from  1J 
inch  to  3  inches  in  diameter,  and  welded.  This  coil  of  pipe  is  fixed 
inside  the  conical  space,  above  the  water  tubes.  It  surrounds  the 
upper  part  of  the  central  cylinder,  and  is  therefore  exposed  to  the 
heat  of  the  hot  gases  as  they  pass  to  the  chimney  above.  The  feed 
water  is  passed  into  this  coil  of  tube,  and  from  thence  to  the  lower 
part  of  the  central  cylinder,  from  which  it  passes  to  the  lower  tubes, 
thence  circulating  through  successive  layers  of  the  tubes,  becoming 
hotter  as  it  passes  upwards,  steam  being  formed  and  disengaged  in 
the  central  cylinder  as  the  water  passes  into  it  from  each  tube  in 
succession. 


The  Thornycroft  Water-tube  Boilers 


Messrs.  Thornycroft's  boilers  have  been  designed  principally  for 
torpedo-boats,  steam-launches,  and  similar  work,  but  they  are  also 
used  on  shore.     The  principal  feature  in  connection  with  them,  ia 
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the  small  size  of  the  tubes,  and  the  special  arrangements  that  have 
been  made  for  securing  a  large  beating  surface,  and  the  passage  of  the 
hot  gases  over  the  whole  length  of  the  tubes.    Tin  i  vo  principal 

forms  made  by  the  firm,  known  respectively  as  the  Thornycroft- 
Marshall,  and  the  Thornycroft-Schultz.  In  the  Thornycroft-Marshall 
boiler,  there  are  a  number  of  tubes  slightly  curved,  fixed  to  a  header  at 
the  back,  something  on  the  lines  of  the  central  cylinder  in  the  Climax, 
successive  lengths  of  tube  being  connected  together  by  connecting 
pieces  at  the  front,  two  lengths  forming  together  a  loop,  somewhat 
similar,  though  different  in  form,  to  the  loop  of  the  Climax  boiler, 
and  with  a  steam  drum  at  the  top  in  front,  the  drum  being  fixed  at 
right  angles  to  the  line  of  the  boiler.  Tbe  tubes  are  staggered,  and 
the  furnace  is  below  the  lowest  tube,  the  hot  gases  passing  up  simply 
through  tbe  interstices  of  the  tubes  to  the  chimney  at  the  top,  tbe 
water  circulating  in  the  tul»es  very  much  as  in  the  Climax,  steam 
being  disengaged  in  the  back  header,  and  rising  to  the  steam  drum. 
This  boiler  is  made  also  with  straight  tubes,  arranged  in  a  similar 
manner,  in  loops,  aa  the  curved  tubes.  lb  is  also  made  in  wlu:  < 
termed  the  sectional  form.  The  tubes  in  the  sectional  form  are 
all  straight,  one  set  of  tubes  of  a  section  being  inclined  to  iln-  hori- 
zontal in  one  direction,  and  the  other  set  of  the  same  section 
inclined  to  the  horizontal  in  the  opposite  direction.  Each  set  of 
tubes  of  a  section  are  expanded  into  a  front  header,  one  below  the 
other.  The  two  sets  of  tubes  are  connected  together  by  jinn  linn 
pieces  at  the  back,  in  a  similar  manner  to  the  tubes  of  the  oth« 
boilers  of  this  type.  The  furnace  is  below  the  lowest  tubes,  as  before, 
the  hot  gases  passing  up  between  the  tubes,  and  tbe  steam 
being  fixed  in  front  of  the  boiler,  at  right  angles  to  tbe  line  of  the 
tubes,  and  connected  to  the  header  of  the  tubes  which  rise  towards  it. 


Thornycroft-Schultz  Boiler 


The  Thornycroft-Schultz  boiler,  one  form  of  which  is  shown  in 
Plate  4b,  was  introduced  by  Air.  Thorny  croft  specially  for  m 
work,  and  in  particular  for  small  craft,  such  as  torpedo-boats,  and 
torpedo-boat  destroyers,  where  it  is  important  to  have  the  ability  to 
raise  a  comparatively  large  quantity  of  steam  in  a  small  space,  and 
to  be  able  to  raise  steam  very  quickly.  It  is  made  in  several 
forms,  according  to  tbe  vessel  in  which  it  is  to  be  employed.  The 
earliest  form,  shown  in  Fig.  17,  was  known  as  the  "Speedy"  (raj, 
and  has  three  drums  running  fore  and  aft,  two  placed  below,  as  will 
be  seen,  and  the  third  above.  The  lower  drums  are  for  water,  and 
the  upper  one  is  the  steam  drum.  The  upper  drum  is  connected 
with  the  lower  drums  by  a  bank  of  small  tubes,  1  to  U  in 
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liatneUr,  curved  .is  shown.    In  the  Inter  forms  of  this  boiler  the  tubes 

ire  only  slightly  carved,  sufficiently  to  allow  space-  between  them,  and 

make  a  nearly  direct  connection  between  the  two  drums,  a  large  portion 

if  the  tubes  entering  the  water  space  in  the  steam  drum,  and  only  a 

imall  portion  entering  it  in  the  steam  space.    The  steam  drum  is  also 

mnected  to  each  of  the  water  druni3  by  the  two  largo  pipes  shown. 

'he  small  tubes  are  for  the  generation  of  steam,  and  the  large  tubes  are 

water  circulation,  to  return  any  water  carried  into  the  steam 

drum  back  to  the  water  drums,  aud  also  to  convey  the  feed  water, 

which  is  delivered  into  the  lower  part  of  the  steatn  drum,  to  tho 

■water  drums.    The  generating  tubes  are  enclosed  in  a  steel  casing,  as 

shown,  lined  with  asbestos.      This   means   that  the  whole  of    the 

boiler,  except  the  front,  where  the  large  tubes  are  placed,  is  enclosed 


~ 


.    17.—  Longitudinal   aud   Transvorso   Sections   of  the,  Thornycroft  Water-tubo 
Boiler,  "Speedy"  typo. 


within  the  casing.  A  small  portion  of  the  generating  tubes  also  are 
formed  into  a  sort  of  water-tube  wall,  the  tubos  being  placed  very 
blase  together,  near  the  casing,  and  so  enclosing  the  hot  gases.  The 
chimney  rises  from  the  middle  of  the  cising,  and  the  furnace  is 
placed    in   the  middle  of  the  space  at  the  bottom  between  the  water 

» drums,  tho  hot  gases,  rising  from  tho  furnace,  pass  between  tho 
interstices  in  the  tubes,  round  the  steam  drum,  and  thence  to  the 
chimney. 
In  the  second  form  of  this  type  of  boiler,  known  as  the  "  Daring  " 
type,  from  the  torpedo-boat  destroyer  in  which  it  was  first  intro- 
duced, there  are  two  drums,  also  standing  fore  and  aft,  but  placed 
vertically  one  above  the  other,  the  upper  one,  which  is  much  larger 
than  the  lower,  is  the  usual  steam  drum,  in  which  steam  and  water 
are  present,  and  the  lower  drum  is  for  water  only.    The  boiler  is  shown 
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in  Fig.  18.  The  two  drums  are  connected  by  eight  or  nine  Urge 
tubes,  of  about  4  inches  in  diameter,  arranged  practically  in  a  vertical 
line  between  the  two,  and  also  by  two  seta  of  smaller  generating 
tul»es,  curved  in  the  forms  shown,  a  portiou  of  the  genrnuirii:  tubes 
being  placed  close  together,  and  forming  a  water-tube  wall,  as  in  the 
"  Speedy "  type.  The  whole  is  enclosed  in  a  steel  case  as  before,  and 
there  are  two  sets  of  furnaces,  one  on  each  side  of  the  water  drum, 
and  the  chimney  rises  from  the  rear  of  the  boiler.  The  hot  gases 
rise  from  the  furnace,  play  over  and  through  the  generating  tubes, 
and  under  and  around, the  steam  drum,  and  pass  out  by  the 
chimney. 

The  launch  type  of  boiler  is  described  by  Messrs.  Thornycroffc,  as 
half  a  "  Daring  "  type.  There  are  the  same  two  drums,  the  steam 
drum  above,  and    the  water  drum    below,  connected    by  the  large 


Fig.   18.— Transverse  and 


Longitudinal    Sections  of 
Boiler,  "Daring"  byp«. 


the  Thoru>grolc  Water- tube 


tubes,  and  by  the  two  curved  sets  of  small  tubes,  with   the  space 
between  the  two  curved  sets  for  the  furnace,  and  for  the  hot 
to  play.     The  whole  is  enclosed  as  before  in  a  steel  case,  the  chimney 
rising  from  the  middle. 

In  the  Schultz  form  of  boiler  proper  there  are  four  drums,  one 
boge  steam  drum  above,  and  three  water  drums  below,  one  im- 
mediately under  the  steam  drum,  and  one  on  each  side,  and  the 
steam  drum  is  connected  to  the  three  water  drums  by  curved  tubes. 
a  water-tube  wall  1  icing  formed  on  the  outside  of  the  outer  bank 
of  tubes,  as  in  the  others,  and  two  furnaces  being  fixed  between  tlie 
centre  water  drum  and  the  drum  on  each  side  of  it.  The  whole  is 
encased  in  a  steel  case,  the  chimney  rising  from  the  centre,  as  tiefore, 
and  the  hot  gases  passing  up  from  the  furnaces  playing  round 
generator  and  other  tubes,  ami  passing  out  to  the  chimney. 
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The  Taylor  Water-tube  Boiler 

This  boiler,  which  is  American,  is  made  for  marine  en^ 
it  is  claimed,  exposes  a  very  large  heating  surface  to  the  hot  __ 
The  water  tubes  are  of  1±  inch  in  diameter,  and  they  are  built  in:< 
a  rectangular  form.  They  are  formed  into  rectangular  boxw 
by  short  lengths  of  vertical  tubes,  ending  in  horizontal  h< 
formed  of  pipes  of  larger  section.  The  furnaces  aro  underneath  the 
lower  bank  of  tubes,  and  the  hot  gases  rise  through  the  rectangular 
spaces,  and  play  all  round  the  walls  of  the  tubes.  Above  the  topmost 
box  of  tubes  is  the  usual  steam  drum,  and  the  whole  is  enclosed 
inside  steel  casing,  the  chimney  rising  from  the  centre. 

Fig.  19  shows  a  transverse  and  longitudinal  section  of  the  H, 
water-tube  boiler  that  has  recently  been  introduced,  and  is  intended 
principally  for  marine  work.    Its  principal  feature  is  the  curve  given 
to  the  tubes,  ns  seen  in  the  figure,  some  of  the  tubes  l>eing  UN 
steam,  others  for  water. 


Small  Vertical  Boilers 


There  is  n  class  of  boilers  made  for  small  work,  consisting  usually 
of  a  vertical  cylinder,  made  from  opeu-hearth  steel,  in   tin?  bum 
manner  as  the  Lancashire  boiler.    They  are  used  for  portab' 
semi-portable  engines,  the  engines  being  mounted  on  a  bed  plate,  01 
on  a  wheel  base  by  the  side  of  the  boiler,  and  are  also  used  i 
those  many  cases  where  steam  is  employed  for  small  indn- 
and  in  which  very  low  pressure,  5  lbs.,  etc.,  are  employed.     They 
are  made  on  both  the  water-tube  and  tire-tube  plan.     In  both  forms 
there  are   tubes    fixed,   sometimes    horizontally    across   the   boiler, 
sometimes  vertically  between  the  water  and  steam    spaces.      The 
furnace  occupies  the  lower  part  of  the  cylinder,  the  grate  bars  being 
fixed  sufficiently  above  the  ground  to  allow  for  an  ashpit  underneath, 
and  the  chimney  sometimes  rises  from  the  centre  of  the  cylinder, 
and  sometimes  from  tho  side.      In  either  case  the  hot  gases  pass 
around   the   tubes,  when  they  are  water  tubes,  and  through  il:  ;i 
when  they  are  fire  tubes,  and  find  their  way  to  the  chimney. 

Boilers  for  motor-cars,  motor-waggons,  etc.,  steam-driven  waggons, 
lorries,  etc.,  have  special  forms.  They  are  sometimes  fired  with 
coal,  preferably  anthracite,  but  more  frequently  with  either  petrol, 
paraffin,  or  one  of  the  oils  obtained  from  the  distillation  of  petroleum, 

The  Thornycroft  Steam  Waggon  Company,  and  Messrs.  .Straker, 
have  both  worked  out  forms  of  boilers  for  use  with  anthracite  01 


: 


BOILERS 


105 


>ke.     The  Strakcr  boiler,  which  is  shown  in  Fig.  20,  is  a  wator- 

tube  boiler,  constructed  something  on  the  lines  of  the  Climax,  but 

vithout  the  curved  tubes  that  are  such  an  important  feature  in  that 

tiler.     There  are  four  concentric  tubes  fixed  vertically,  and  between 

0  of  them,  as  shown,  are  fixed  cross  tubes  radially,  and  slightly 


no.  1 


20. — Sectional  Elevation  ol  the  Striker  Boiler  lor  Steam-driven  Vehicles, 
water  id  in  the  tubes,  and  the  hot  g&sea  pass  up  between  them. 


The 


I 


inclined  from  the  centre  outwards.  The  bottom  portion  of  the 
apparatus  forms  the  fire-box,  with  an  ashpit  below,  and  it  is  fed 
from  above,  by  way  of  the  central  tube ;  the  radial  tubes  are  placed 
in  echelon,  the  effect  being  the  same  as  the  staggering  of  the  tubes 
in  ordinary  water-tube  boilers,  and  the  hot  gases  pass  up  through 
the  spaces  between  the  tubes,  and  thence  find  their  way  to  the 
chimney. 

The  Thornycroft  I  toiler  is  also  of  the  water-tube  type.    It  consists 
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of  two  annular  chambers,  fixed  horizontally  one  above  the  other,  the 
two  being  connected  by  a  number  of  small  straight  steel  tubes.  Hn 
furnace  is  below,  as  in  the  Straker,  and  the  hot  gases  pass  from  it 
round  the  tabes,  and  the  underside  of  the  upper  annular  Hug,  and 
find  their  way  to  the  chimney.  Of  the  oil-fired  boilers  for  motor- 
cars, waggons,  etc.,  the  White,  an  American  apparatus,  is  perlutps 
the  beat  known.  The  arrangement  of  the  boiler  is  shown  in  Plate  6B. 
The  boiler,  it  will  be  seen,  consists  of  a  coil  of  tubes,  the  burner 
being  of  the  ring  form,  with  a  special  arrangement  for  ea.rburiang 
the  oil  aa  it  comes  from  the  burners.  The  action  of  the  burner  is 
very  similas  to  that  of  the  ordinary  gas-ring  burner,  so  well  known, 
with  the  addition  of  a  provision  for  warming  the  oil  on  its  way  to 
the  burner,  for  the  purpose  of  vaponrizing  it.  The  water  for  the 
boiler  is  fed  into  tho  upper  end  of  the  coil,  passing  dowuwards  from 
section  to  section,  and  lefore  it  has  reached  the  point  at  which  it  is 
taken  off  to  the  engine,  it  has  become  steam,  and  has  been  thoroughly 
dried  and  superheated,  this  being  one  of  the  special  features  which 
enables  the  boiler  to  be  worked  successfully. 

In  the  Turuer-Miesse,  winch  is  made  in  England,  the  boiler,  n 
*rator,  as  the  makers  of  motor-cars  prefer  to  C9ll  it,  consist 
of  zigzag  coils  of  pipe,  fixed  at  righfc  angles  to  each  other, 
inside  a  casing,  and  with  a  burner  underneath.  The  water  in  this 
case  enters  the  boiler  in  the  lower  layers,  but  after  being  converted 
into  steam,  is  brought  down  again  to  some  of  the  intermediate  layers, 
those  at  right  angles  to  the  water  layers,  where  it  is  dried  and  super- 
heated before  being  passed  to  the  engine. 


CHAPTER   III 

BOILER  ACCESSORIES 

Burning:  the   Fuel 

Furnace  Grates.— Except  in  the  case  of  some  special  boilers 

liquid    fuel   is    burned,   nnd  of  some   others    that  will    be 

abed,  the  grates  of  all  boilers  are  very  much  alike.     They  are 

wely  horizontal  platforms,  built  of  sectional  pieces  of  iron,  arranged 

bold  the  fuel  in  such  a  manner  that  air  con  pose  up  from  the 

ip.t  into  tbe  fuel,  aud  the  ashes  can  pass  down  into  the  ashpit. 

to  osual  length  of  the  fire  grate  from  back  to  front  ia  6  feet,  and 

is  generally  formed  of  two  seta  of  fire  bars  made  of  cast-iron, 

in  front  by  bars  resting  on  the  dead  plate,  and  at  the 

by  other  bare  resting  on  the  bridge,  the  supporting  bars  having 

into  which  the  ends  of  the  fire  bars  fit.    .At  the  middle  of 

3  furnace  the  fuel  bars  are  supported  in  a  similar  manner  by  a 

bar. 

In  nearly  all  furnaces  there  is  the  fire-brick  bridge  at  the  bock, 

has  l»een   referred  to  so  often  in  the  course  of  the  previous 

the  omoe  of  which  is  to  enable  the  fire  to  bo  built  of  a 

lin  thickness,  to  form  a  sort  of  holder  fur  the  front  portion  of 

le  fire,  and  by  itself  becoming  white  hot,  to  assist  in  the  combustion 

tbo  hydrocarbon  gases,  the  finely  divided  carbon,  etc,  that  so  often 

)mes  away  from  the  fuel  unburned. 

Ia  the  Lancashire  and  Cornish  boilers,  the  marine  boiler,  and  in 

multitubular  boilers  which  are  internally  fired,  the  fire  grates 

»y  the  front  portions  of  the  flues.     In  the  water-tube  boilers  the 

rtes  occupy  the  front  of  the  large  rectangular  space  enclosed 
brickwork,  as  described.     In  the  Lancashire  and  Cornish  and 
internally  tired  fire-tul>e  boilers,  the  lower  portion  of  the  flues, 
which  the  fire  grates  are  fixed,  form  the  ashpits,  and  it  is  through 
that  air  eaters  the   boiler,  and  through  them   that  the  ashes, 
linker,  etc.,  are  drawn  out. 
In  the  water- tube  boilers  the  ashpit  is  practically  on  the  ground, 
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protected  from  fire,  etc.,  and  the  back  portion  of  the  rectangular 
apaco  enclosed  by  the  brick  and  steel  structure  is  often  employed  as 
a  combustion  chamber,  and  it  is  sometimes  arranged  that  the  asbta 
fall  over  the  back  of  the  furnace,  into  the  space  below,  or  into  l 
chamber  provided  for  them. 

The  fronts  of  all  furnaces  are  closed  by  one  or  two  fire  doors,  die 
ashpits  being  sometimes  closed  and  sometimes  not.  As  will  bl 
explained,  with  what  are  termed  natural  and  induced  draught,  the 
ashpit  is  left  open  lor  the  air  to  pass  in  under  the  lire  bars,  and 
thence  through  the  fuel.  With  one  form  of  forced  draught  the  ash- 
pit is  closed,  and  the  air  is  forced  into  it  through  a  pipe  provid 
the  purpose. 

The  furnace  doors  arc  sometimes  single  and  sometimes  do 
They  sometimes  swing  on  hinges,  and  sometimes  slide  along  the  face 
of  the  boiler,  in  a  similar  manner  to  bulkheads  on  board  ship,  tl:e 
two  doors  opening  and  closing  together,  and  being  kept  in  position 
by  balance  weights. 


Special  Forms  of  Furnace  Bars 


Severul  special  arrangements  of  furnace  grates  have  been  in 
duced,  with  the  object  of  cleaning  the  fires  quickly,  without  op 
the  furnace  doors,  and  to  maintain  a  more  constant  draught  ii 
sometimes  possible  with  the  ordinary  bar. 

It  will  be  understood  that  with  the  ordinary  bar,  built  into  ■ 
grate,  with  practically  all  kinds  of  fuel,  the  spaces  between  the  bars 
are  gradually  filled  up  by  the  incombustible  clinker  that  is  formed 
from  the  coal,  and  this  results,  first  in  a  reduction  of  the  draught,  or, 
to  put  it  more  correctly,  in  an  increase  of  the  resistance  to  the  passage 
of  the  air  into  the  fuel,  and  later  on,  to  the  necessity  for  cleanin 
the  fires  in  order  to  get  rid  of  the  clinker;  as,  if  the  clinkei 
allowed  to  go  on,  the  apertures  between  the  bars  will  be  completely 
stopped  up.     It  is  to  avoid  this  that  the  moving  bars  in  all  forms  of 
mechanical  stokers  are  employed,  the  clinker,  as  described  late 
being  automatically  curried  to  the  back  of  the  furnace.     The  special 
forms  of  furnace  bars  to  be  described  aim  at  accomplishing  tha 
object,  without  the  automatic  feeding  which  constitutes  the  special 
feature  of  mechanical  stokers.     In   Fig.  21  Neil's  rocking  fire   bars 
are  shown  in  a  complete  grate  6  feet  long  by  3  feet  wide,  built  up 
of  two  sets  of  fire  bars,  longitudinally,  each  set  comprising  five  bars 
fixed  side  by  side.    The  modus  operandi  is  as  follows-     The  fuel  is 
fed  on  to  tho  fire  bars  in  the  usual  way,  and  is  allowed  to  burn  for 
a  certain  time,  and  when  the  boiler-attendant  considers  it  necessary 
this  point  is,  of  course,  determined  by  experience — the  handle  shown 
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m  the  left  is  moved,  and  the  whole  of  the  bars  rock  quickly  on  their 
ixti8,  allowing  the  clinker  to  fall 
j3to  the  ashpit  below.  Mr.  Neil 
ilso  makes  a  fire  grate  with  a 
tpecial  furnace  door,  as  shown  in 
22.  leaving  a  baffle  plate  be- 
tween the  furnace  front  proper  and 
the  front  of  the  grate,  the  dead 
plate  being  in  front  of  the  baffle 
plate.  The  object  of  the  baffle  plate 
is  to  protect  the  furnace  door,  ami 
its  brackets*  from  the  flames  of  the 
furnace,  and  also  to  heat  auxiliary 
lir  that  may  be  allowed  to  pass  over 
In-  fuel  for  the  purpose  of  quench- 
ing smoke.  It  will  lie  seen  that 
my  air  which  passes  through  the 
furnaci?  door  lias  tn  pass  through 
:he    holes  in   the  hot   baffle  plate 

re  reaching  the  furnace.  It 
Drill  be  noticed  that  there  are  air 
jpacas  in  the  lire,  ban,  the  adjacent 
bars  being  fitted  very  closely  to- 
gether. 

In  another  form  of  rocking  tiro 
jrute,  made  by  the  E.  Keeler  Com- 
pany of  Williams  Fort,  Pennsylvania, 
the  Hie  bars  are  arranged  in  rows,  at 
right  angles  to  the  line  of  the  fur- 
Qace.  Each  fire  bar  is  in  the  form 
^f  a  crescent,  fitting  on  the  spindle 

ton  to  its  row,  and  the  whole  of  them  are  rocked  from  front  to 


Fig.  21. — Furnace   Grate  with 
Booking  Fire  Bora, 


Noil'! 


Pig.  22. — Nell's  Furnace  Front,  wiih  Baffle  Plate  between  the  Furnace  and  Fire  Door. 

:k,  so  that  the  clinker  is  automatically  thrown  downwards  by  the 
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action.  The  Keeler  Cum- 
pany  also  make  a  grate  bar, 
built  up  of  a  rmuj1 
V-shaped  bars,  held  between 
two  parallel  sides,  the  whole 
being  cast  in  one,  the  spaces 
between  the  V's  allowing 
air  to  pass  up  inlu  ftfl 
fuel. 

There  is  another  farm  of 
rocking  fire  bar,  made  by 
Messrs.  Neeines  Bros.,  of 
Troy,  New  York,  that  u 
similar  to  the  Keeler,  but 
with   a   space    between   the 


Apparatus  for  Burn- 
ing Coal  Dust 

Cool  dust  may  be  burnt 
in  Messrs.  Meldrum's  fur- 
nace, described  ou  p.  114,  -t 
it  may  be  burnt  by  special 
apparatus,  such  as  thai 
worked  out  by  Mr.  Schwartz- 
kopff  and  that  known  u  (hi 
Cyclone  apparatus.  With 
either  of  these  apparatus  the 
coal  is  first  reduced  to  a  y.i y 
fine  powder  by  the  aid  of 
mochiuery  designed  for  the 
purpose, and  is  then  delivered 
to  the  furnace  in  the  form  of 
a  fine  spray,  similar  to  the 
spray  formed  from  petrol  in 
motor  engines.  The  a 
to  be  attained,  in  both 
is  the  division  of  the  a 
stance  into  very  fine 
tides  and  the  spreading 
the  particles  into  the 
that  is  supplied  to  the  fur- 
nace, so  that  each   particle 
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qf  ilusi  ran  seize  upon  the  oxygen  it  requires  to  complete  its 
combustion. 

In  the  Schwartzkopff  apparatus,  which  is  shown  in  section  in 
Fig.  23,  the  coal  dust  is  taken  to  a  hopper  above  the  entrance  to 
the  furnace,  and  is  led  down  into  the  furnace  by  a  revolving  brush, 
as  shown,  which  spreads  the  dust  out,  and  delivers  it  in  a  fine  cloud 
brio  the  furnace,  very  much  as  petrol  and  air  are  delivered  to  the 
cylinder  of  a  motor-car  engine.  Induced  draught  is  employed  with 
the  apparatus,  and  the  combined  operation  of  the  brush  and  the 
sucking  action  of  the  induced  draught  provides  a  continual  supply 
of  air  aud  fuel  to  the  furnace. 

In  the  Cyclone  apparatus  the  coal  dust  is  taken  to  a  hopper,  as 
with  the  SchwartzkopfT,  but  it  is  delivered  to  the  furnace  solely 
■  aii I  of  the  fan  that  is  employed  to  furnish  the  draught,  forced 
draught  being  used. 


Apparatus  for  Burning:  Liquid  Fuel 

The    Holden   System.— In    the   Holden    apparatus,    which   is 
imaged  tor  busing  liquid  fuel,  either  separately  or  in  conjunction 


.— Sectional  Drawing*  of  Holctan's  Apparatus  for  Burning  Liquid  Fuel,  as 
applied  to  a  Lancashire  Boiler. 

: '  li  1  fuel  of  an  inferior  quality,  and  for  burning  the  fuel  in 
icily  liquid  form,   or  in  the   form  of  the  pasty  mass  known 
as  refuse,  a  steam  injector  is  employed.     The  apparatus  is  applicable 
to  all  kinds  of  boilers,  though  it  was  worked  out  originally  for  use 
Itb  the  boilers  of  locomotive  engines.     The  liquid  fuel  is  held  in 
ly  convenient  receptacle  near,  and  is  led  to  the  fire-box  by  a  pipe, 
showu  in  Fig.  24,  and  is  forced  into  the  fire-box,  or  combustion 
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ough,  have  also  worked  oat  an  apparatus  for  burning  liquid 
can  be  applied  to  boilers  of  any  type.  The  fuel  is  carried  in 
7ed  iron  tank,  standing  near  the  boiler  in  which  it  is  to  be 
I,  and  the  tank  Ifl  warmed  by  a  enpper  coil,  through  winoh 
rem  tlic  boiler,  the  condensed  steam  being  carried  off  in 
I  way.  Warming  the  fuel  renders  it  more  easily  handled. 
lea  the  pasty  substances  mentioned  to  be  handled  as  liquids. 


I" 


cr? 


Korting'g  Liquid  Fuel 
ing  Apparatus,  applied 
jocomotWe. 


Fio.  27.— Shows  its  application  to  a  Lanca- 
shire Boiler, 


is  driven  into  the  furnace,  under  the  fire  bars,  in  ;t  manner 
ilar  to  that  described  with  the  Holden  apparatus,  by  means 
ector.  As  shown  in  Fig.  25,  a  pipe  from  the  fuel  tank  te  tdfl 
ihpit  of  the  boiler,  and  a  steam  pipe  from  the  boiler  leads 
o,  the  injector  driving  in  the  fuel  into  the  furnace  in  a  fine 

already  described.  Figs.  26  and  27  show  Kortiug's  liquid 
ling  apparatus. 


Burning  Town's  Refuse 

's  refuse  has  a  small  calorific  value,  since  a  large  portion  of 
rial  of  which  it  is  composed  contains  a  certain  quantity  of 
hough  there  is  also  a  very  large  proportion  of  incombustible 
Its  average  evaporative  value  is  about  1  lb.  of  refuse  to 
water  evaporated  from,  and  at  212°  F.  the  average  evapo- 
ty  of  coal  being  8  lbs.     Refuse,  it  will  be  easily  understood, 

I 
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varies  very  considerably,  some  of  it  in  certain  districts  having  a 
value  only  half  the  average,  and  some  in  other  districts  ha. 
value  of  twice  the  average. 

There  are  several  refuse  destructors  on  the  market,  all  on  certain 
lines,  with  the  usual  variations.  In  all  of  them  there  is  a  furnace — 
ii  modification  of  the  ordinary  boiler  furnace — with  usually  some 
arrangement  for  drj'ing  the  gTeen  refuse,  the  freshly  deposited  refuse, 
before  it  is  pushed  on  to  the  furnace  bars  proper.  There  is  also  iu 
all  forms  of  the  apparatus  either  a  ohamber  or  a  special  flue,  whose 
walls  are  maintained  at  a  very  high  temperature,  so  that  the  green 
gases,  as  they  are  called,  the  gases  which  are  produced  by  the  first 
combustion  of  the  refuse,  are  submitted  to  a  temperature  of  1500*  to 
2000°  F.  in  this  chamber  or  flue.  The  reason  for  this  is,  unless 
this  is  done,  the  smoke  and  gases  that  are  emitted  from  the  chimney 
may  be  a  nuisance  to  the  neighbourhood,  as  they  contain  substances 
that  will  form,  with  the  bacilli  in  the  neighbourhood,  noxious  pro- 
ducts that  give  rise  to  disease,  etc.  In  addition,  in  all  forms  of  the 
apparatus,  there  is  some  arrangement  for  creating  forced  draught, 
and  usually  for  warming  the  air  before  it  enters  the  furnace,  a  steam 
jot  being  a  favourite  form  of  draught- producing  apparatus,  and  the 
hot  gases,  after  passing  through  the  high-temperature  chamber 
mentioned  being  caused  to  warm  the  air  passing  to  the  furnace  by 
a  system  of  pipes  similar  to  those  described  on  p.  162  in  connection 
with  Green's  apparatus.  In  all  of  them  also  some  appliance  is 
necessary  for  depositing  the  large  quantities  of  dust  that  are  formed 
in  the  process  of  combustion,  and  preventing  them  passing  out  to  the 
atmosphere  outside.  In  the  Horsfall  apparatus  there  is  a  whirling 
chamber  at  the  base  of  the  chimney,  in  which  the  dust  is  carried  into 
side-depositing  chambers  by  centrifugal  force.  In  Meldrum's  and 
other  apparatus  there  are  settling  cliambers  of  different  forms.  Tlie 
hot  gases,  after  passing  through  the  combustion-chambers  mentioned, 
are  led  to  boiler  flues  in  the  usual  manner,  the  refuse-destructor 
combustion  chamber  being  directly  connected  to  the  boiler  flues  or 
the  space  for  the  gases  in  the  water-tube  boiler. 


Meldrum's  Colliery  Refuse  Destructor 

Messrs.  Meldrum,  who  have  fitted  up  a  number  of  refuse  d( 
tors  for  town's  refuse,  have  also  worked  out  a  modification  of  their 
refuse  destructor  for  burning  the  inferior  fuel  that  is  eo  ofteu  found 
in  collieries  on  the  margin  of  the  coal  seams  and  sometimes  between 
them.  The  substances  mentioned  are  unsaleable  on  the  market,  as 
their  calorific  value  is  so  low,  but  when  applied  in  the  mam 
described,  they  answer  very  well  for  raising  steam. 
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In  Afessrs.  Meldrum's  apparatus,  an  external  view  of  one  of 
which  is  shown  in  Plate  7a,  the  principal  feature  is  the  grate,  in  which 
the  bars  are  made  very  thin,  and  placed  very  close  together,  as  shown 
in  Fig.  28,  and  the  draught  is  produced  by  Messrs.  Meldrum's 
method  of  steam  injection,  as  explained  on  p.  147. 


C 


MB 


PATENT 


I  Fig.  23.— Section  ind  Plan  of  Moldrum's  Interlocking  Fire  Bars,  for  burning  rcfuso 
fuel.  The  bars  arc  thin  and  very  close  together. 
At  the  back  of  the  furnace  is  a  combustion  chamber,  very  much 
on  the  lines  of  that  employed  in  town's  refuse  destructors,  in  which 
the  hydrocarbons  and  all  combustible  matter  coming  over  from  tlio 
furnace  are  burned,  and  tins  is  directly  connected  with  the  boiler  flues 
or  tho  gas  space  of  the  water-tube  boiler  by  a  special  iluo  connection. 
The  whole  arrangement  is  shown  very  clearly  in  Fig.  29. 


Mechanical  Stokers 

The  object  of  the  mechanical  stoker  is  to  perform  the  work  that 
is  done  by  the  human  Btoker  more  uniformly,  and,  in  addition,  with- 
out the  continual  opening  of  the  furnace  doors  that  ore  necessaiy  with 
hand  firing.  It  was  explained  in  previous  pages  that  the  air  entering 
a  furnace  above  that  required  for  actual  combustion  hna  to  be  raised 
to  the  temperature  of  the  hot  gases,  abstracting  a  certain  quantity  of 
heat  from  the  hot  gases  in  the  process.  When  tho  furnace  door  is 
frequently  opened  a  certain  quantity  of  cold  air  passes  into  the 
furnace  each  time,  and  this  air  not  only  has  to  be  heated  to  the  same 
ratine  as  the  other  gases,  but  it  has  the  same  effect,  in  a  minor 
degree,  as  throwing  water  upon  burning  fuel — it  tends  to  damp 
the  fire.  Hence  properly  designed  mechanical  stokers  should  avoid 
the  undoubted  heat  losses  from  this  cause.  It  is  found  also  that 
with  mechanical  stokers  very  much  lower  grades  of  fuel  can  be 
employed ;  and  further,  when  combined  with  one  of  the  systems  of 
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lechanical  draught,  a  larger  quantity  of  fuol  can  bo  burned  in  a 
given  time.  It  is  also  claimed  for  mechanical  stokers  that  they 
provide  smokeless  combustion.  The  ordinary  rate  of  combustion  with 
chimney  draught  is  in  the  neighbourhood  of  15  lbs.  of  fuel  per  square 
foot  of  grate  area.  With  mechanical  stokers  and  with  mechanical 
draught,  it  is  claimed  that  the  rate  of  combustion  can  be  raised  to  as 
much  as  60  lbs.  per  square  foot  of  grato  urea.  It  must  be  understood, 
however,  that  the  rate  of  combustion  will  vary  with  the  class  of  fuel, 
and  that  increased  draught,  and  the  absence  of  admission  of  cold  air, 
will  increase  the  rate  of  combustion  of  every  class  of  fuel. 


Mechanical  stokers  may  be  divided  broadly  into  two  classes, 
known  as  over-feed  and  under-feed,     The  namos  practically  describe 


Forms  of  Mechanical  Stoker 


rn 


Pr.octor'8 
r*tent  Shovel  stoker  6>  moving  Fire  Bars 


90.— Longitudinal  und  TmcHverso  Section  of  Lancashire  Boiler  fitted  with  Proctor's  Shovel 
Mechanical  Stoker.  Tho  Coal  is  fod  from  the  Hoppers  into  the  Boxes  bolow,  and  is  tbcuco 
frjoctod  ou  lo.tba  Fire  Bars  by  the  action  or  the  Swinging  Shovel. 


be 


them.  In  the  over-feed  stoker  the  fuel  is  delivered  from  above,  on 
bo  the  upper  surface  of  the  furnace  bars.  In  the  under-feed  stokers, 
the  fuel  is  brought  from  below,  and  is  worked  up  through  openings 
tween  the  bars,  as  will  be  explained,  on  to  their  upper  surfaces. 
All  over-foed  mechanical  stokers  also  are  broadly  divided  into 
t\v 0  ''lasses,  known  as  coking  and  sprinkling.  Some  forms  combine 
the  two.     The  broad  distinction,  however,  is,  in  the  coking-  stoker  the 
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fuel  is  delivered  in  small 
quantities  periodically  cm 
to  the  dead  plate,  or  the 
front  of  the  furnace  bars, 
and  is  there  allowed  to 
form  into  a  pasty  mass, 
coking  together  very  much 
in  the  same  manner  as  small 
coal  does  in  a  coke  oven. 
After  it  has  coked,  it  is 
pushed  forward  on  to  the 
front  of  the  furnace  bars, 
another  charge  taking  its 
place  at  the  coking  posi- 
tion, and  it  is  gradually 
pushed  forward  as  each 
charge  enters  the  furnace, 
and  finally  is  usually  ejected 
into  a  chamber  at  the  back 
of  the  furnace. 

In  the  sprinkler  stoker, 
small  quantities  of  fuel  are 
thrown  on  to  the  furnace 
bars  at  intervals,  the  fuel 
being  sprinkled  over  the 
whole  width  of  the  bars, 
and  the  whole  burning  mass 
being  gradually  worked  for- 
ward by  motions  of  the 
furnace  bars. 

In  all  forms  of  mechani- 
cal stokers  there  is  a  hopper 
holdiug  about  3  cwts,,  con- 
veniently fixed  in  front  of 
the  furnace,  at  different 
heights,  according  to  whether 
the  stoker  is  over-bad  or 
under-feed,  and  tho  fuel  is 
delivered  into  the  hoppers 
by  convey  ore,  and  occasion- 
ally by  hand.  The  bottoms 
of  the  hoppers  all  have 
valves,  or  other  arr:> 
ments  controlling  the  ad- 
mission    of    fuel     to 
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furnace.  In  the  sprinkler  stoker  the  fuel  is  cast  on  to  the  fire  bars 
by  the  action  of  what  is  termed  the  shovel.  One  form  is  shown 
clearly  in  Fig.  30,  which  is  a  sectiou  of  the  Froctor  mechanical 
stoker.  The  shovel,  it  will  be  seen,  is  a  place  hinged  above,  and 
worked  either  by  a  spring  or  a  cam,  or  other  arrangement.  A  charge 
of  fuel  is  delivered  in  front  of  the  shovel,  and  at  stated  intervals, 
which  can  be  regulated  from  the  front  of  the  boiler,  the  shovel  plate 
moves  quickly  forward,  aud  throws  the  fuel  in  a  shower  on  to  the 
furnace  bars.  In  the  Proctor  stoker  the  shovel  moves  radially.  In 
other  forms  it  moves  merely  horizontally.  In  one  form,  the  Han  b  i- 
son,  there  is  a  revolving  shovel,  shown  in  Fig.  31.  In  all  forms  of 
sprinkler  stokers  it  is  arranged  that  the  fuel  shall  be  thrown  to 
different  parts  of  the  furnace,  by  varying  the  throw  of  the  shovel, 
this  being  accomplished  by  the  action  of  the  gearing  on  the  outside. 
Thus,  taking  the  grate  bars  as  six  feet  in  length,  one  throw  would 
be  nearly  to  the  end  of  the  bars,  another  one  to  about  4J  feet, 
another  to  about  3  feet,  and  so  on.  Plate  8a  shows  a  Proctor's 
mechanical  stoker  complete. 

The  cuker  stokers  are  all  fitted  with  some  form  of  ram,  or  pusher, 
as  it  is  sometimes  called,  which  pushes  the  fuel  usually  from  the  dead 
plate  on  to  the  front  of  the  bars,  the  moving  bars  carrying  it  forward. 

It  is  claimed  for  the  coker  stoker,  that  the  green  gases,  as  they 


Fig.  32.— Section  of  Ram  and  Hopper  of  Meldrum's  Coker  Stoker. 

are  termed,  the  hydrocarbons,  and  the  coal  dust  which  comes  away 
freely  from  freshly  fed  coal,  lias  to  pass  over  the  mass  of  burning 
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noal  in  front  of  it,  and  is  consumed,  ami  therefore  there  is  no 
tendoucy  for  it  to  make  smoke.  Fig.  32  shows  a  section  of  the  run 
and  hopper  of  Meldr  urn's  coker  stoker. 

The  Grate   Bars  of  Over- Feed   Stokers 

The  grate  hars  of  over-feed  stokers  are  arranged  on  two  m&in 
lines.     In  one  form — in  which  are  included  the  Bennis,  the  Proctor, 
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Flfl.  33. — Ml-  li.ii.U.i.  ri  ;\iV  Yi'ilkiiihtn  Mechanical  Stoker.     The  Unrs  ate  arranged 
as  Stops,  as  shown,  Steam  passing  out  through  tho  cuds  of  tho  Bars. 

the  A'icars,  the  Hodgkinson — the  bars  stand  side  by  side,  and  alternate 
burs  are  moved  upwards  and  forwards  at  intervals,  returning  to  their 
normal  positions  when  the  other  bar3  move  forward,  this  motion  of 
the  bars  giving  the  forward  motion  to  the  fuel.  In  another  type 
of  the  straight-bar  stokers,  the  bars  are  given  a  jerking  motion  at 
intervals,  which  has  the  same  effect. 

The  furnace  bars  are  also  sometimes  all  moved  forward  together, 
and  withdrawn  singly,  and  in  other  forms  moved  forward  singly,  and 
withdrawn  together.  In  some  forms  of  stoker  also — notably  the 
Bennis,  and  the  Wilkinson,  an  American  stoker — the  grate  bars,  or 
u  portion  of  them,  are  made  hollow,  and  a  steam  jet  is  fixed  at  the 
front  of  each  bar,  the  air  supply  to  the  furnace  being  furnished  by 
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.—Transverse  and  Longitudinal  Section  of  Hodgkin*on's  Mechanical  Stofcor. 


Fie.  85.— Longitudinal  Section  or  a  Mechanical  Stoker  fitted  to  a 
Lancashire  boiler. 
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the  steam  jets,  and  therefore  the  bars  themselves.  It  is  claimed  for 
this  arrangement,  that  the  bars  con  be  fixed  very  close  together,  so 
that  very  small  fuel  can  be  burned,  and  that  the  draught  is  evenly 
distributed  over  the  whole  of  the  furnace,  and  is  under  control,  by 
the  steam  jets.  In  some  forma  of  this  apparatus  the  steam 
automatically  controlled  by  the  output  of  the  boiler.  "When  the 
boiler  is  furnishing  steam  rapidly,  the  steam  jet  passes  a  comparatively 
large  quantity  of  steam,  and  vice  versd. 

In  the  Wilkinson  Stoker  also,  as  will  be  seen  from  Fig.  33, 
the  fire  bars  are  made  in  the  form  of  steps,  inclined  downwtrds 
towards  the  back  of  the  furnace,  alternate  bars  being  moved  to  and 
fro,  as  explained  alwve,  and  the  fuel  is  carried  down  from  step  to 
step,  to  an  ash  table  at  the  bottom,  where  the  whole  of  its  com- 
bustible matter  is  finally  consumed,  and  the  remainder  then  passes 
over  on  to  the  ash  slide  shown,  between  the  ash  table  and  the  tire 
bridge,  and  is  allowed  to  fall  into  the  ashpit  periodically,  by  with- 
drawing the  slide.  In  this  furnace  also  there  is  a  fire-brick  arch 
over  the  front  portion. 

In  the  Bennis  stoker  the  bars  are  inclined  upwards  towards  the 
back  of  the  furnace,  and  the  fuel  travels  up  the  incline,  and  is  tlto 
tipped  over  into  the  chamber  at  the  back,  as  explained.  Fig.  34 
shows  the  Hodgkinson's  mechanical  stoker,  and  Fig.  35  another 
form. 

The  Auto  Stoker 

This  apparatus,  which  presents  certain  features  that  are  oi 
interest,  and  is  mode  by  the  Union  Ironworks  Co.  of  Ashton-under- 


Fio.  36.— Longitudinal  and  Transverse  Sections  of  the  »  Auto  "  Stoker. 


Lyne,  is  shown  in  Fig.  36.  There  are  the  usual  hoppers  over 
furnaces,  from  which  the  coal  passes  on  to  the  tire  bars,  but 
hoppers  are  supplied  from  bunkers  in  the  boiler-room,  by  the  bucket 
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elevators  shown,  'which  deliver  the  cool  to  the  shoots  above  the 
hoppers. 

The  bunkers  are  placed  in  the  position  where  coal  is  usually 
heaped  for  hand  firing,  and,  as  will  be  seen,  if  anything  happens  to 
the  automatic  gearing,  hand  firing  can  be  immediately  resorted  to, 
the  bunkers  having  the  slides  shown,  at  the  foot,  through  which  coal 
can  be  taken  by  the  firemen. 

The  fire  bars  are  of  the  special  form  shown,  and  the  coal  is  first 
pushed  by  the  ram  from  the  feed  box  on  to  the  convex  portion  of  the 
bars.  From  the  convex  portion  of  the  bars,  the  fuel  passes  forwards, 
Ghrried  by  the  motion  of  the  bars,  and  a  mass  of  fuel  at  a  very  high 
temperature  is  formed  in  the  concave  portion  just  beyond,  the  hydro- 
carbons and  dust  brought  in  with  the  fuel  having  to  pass  over  this 
hot  zone,  and,  it  is  claimed,  being  completely  burnt. 

The  ashes  and  clinkers  are  pushed  over  the  ledge  at  the  back  of 
the  furnace,  in  the  manner  described  in  connection  with  other  forms 
uf  mechanical  stokers. 

All  the  fire  bars  move  to  and  fro,  but  only  four  of  the  bars  in 
each  apparatus  receive  motion  directly  from  the  driving  shaft.  The 
remaining  bars  are  keyed  to  the  four  driving  bars,  and  receive  motion 
from  them. 

The  four  bars  are  driven  by  short  connecting  rods  from  a  crank 
shaft  in  front  of  the  boiler. 


Vicars  Mechanical  Stoker 

In  the  Vicars  mechanical  stoker,  a  sectional  drawing  of  which 
is  shown  in  Fig.  37,  there  are  the  usual  hoppers,  and  the  coal 
passes  from  them  into  boxes,  usually  two  for  each  flue  of  a  Lancashire 
boiler,  from  which  it  is  pushed  by  reciprocating  plungers  or  rams, 
working  alternately,  on  to  tho  dead  plate,  where  it  is  allowed  to 
remain  for  a  short,  time,  to  facilitate  coking.  From  the  dead  plate 
it  is  pushed  on  to  the  moving  fire  bars,  where  it  is  carried  forward 
in  the  usual  way  by  their  motion.  The  arrangements  at  the  back 
of  the  furnace  ore  a  little  different  to  those  in  some  of  the  other 
stokers:  the  fire-brick  bridge  is  built  a  little  distance  back  from  the 
ends  of  the  fire  bars,  and  the  fuel  is  allowed  to  fall  over  in  a  moss 
on  the  bottom  of  the  flue,  as  shown  in  the  drawings,  so  that  no 
air  can  pass  from  the  under  side  of  the  bars  to  the  front  of  the 
furnace.  The  space  between  the  bridge  and  the  front  of  the  fire  bars 
forms  the  U9ual  combustion  chamber,  and  the  clinkers  are  removed 
at  intervals.  The  whole  of  the  tire  bars  move  forward  together,  and 
alternate  bars  are  moved  backwards  at  intervals,  it  being  claimed 
that  this  action  is  best  for  carrying  the  fuel  forward. 
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For  water-tube  boilers  the  arrangement  is  slightly  different.  There 
is  a  second  set  of  inclined  ban,  on  to  which  the  fuel  falls  from  fa 
ead  of  the  fire  bars,  and  it  is  gradually  pushed  from  them  forward 
into  the  pit  below,  a  mass  of  burning  fuel  accumulating  there, 
preventing  the  passage  of  any  air  past  it  to  the  front  of  the  farm 
from  below,  and  providing  the  combustion  chamber. 


Fig.  97.— Longitudinal  Section  ot  LaneMhire  Boilor  fitted  with  Vie*ra  il< 

Stoker. 

The  stroke  of  the  plungers  forming  the  feed  can  be  regulat 
from  the  front  of  the  boiler  at  will,  and  also  the  stroke  of  the  tire 
bars.  The  whole  of  the  feeding  plant  is  supported  from  the  floor, 
and  not  from  the  front  of  the  boiler. 


Chain-Grate  Stokers 

Tn  the  other  type  of  over-feed  stoker,  the  furnace  bars  are  male 
in  the  form  of  an  endloss  chain,  the  bars  forming  links  of  the  i 
and  the  chain  itself  passing  over  drums  al  the  front  and  Ixick  i 
furnace.     The  chain  is  kept  continually  in  motion  by  the  revolution 
of  the  front  drum,  this  causing  the  forward  motion  of  the  fuel.     The 
fuel  is  delivered  from  the  hopper  on  to  the  furnace  bars  immediately 
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,  »voi  the  whole  width,  tho  amount  of  the  feed  being  rcgu- 
vulvt's  or  dooifl  at  the  bottoms  of  the  hoppers,  lifting  verti- 
cortain  periods,  as  with  the  other  forms.  The  fuel  travels 
rwird  as  the  grate  moves,  ami  the  ash  and  clinker  is  delivered 
ir.it  *  1  at  tho  back,  as  in  other  forms.  The  front  drum  is 
v  worm  and  wheel  gearing,  with  a  ratchet  and  pawl  attaoh- 
'  means  of  which  tho  rate  oi  travel  of  the  #rate  can  be  adjusted, 
height  to  which  the  valve  or  lifliog  fire  door  moves,  can  also 
ted. 

he  Dabcock  and  Wilcox  chain-grate  stoker  which  is  shown 
B  Bfl  and  r,  ili*;  whole  apparatus  is  arranged  to  run  on  rails 
1  furnace  space  in  the  Babcock  boiler.  The  rails  which  are 
in  the  illustrations,  accommodate  the  wheels  of  the  truok 
the  carriage  of  the  stoker,  and  the  whole  thing  can  bo  run 
iiv  moment  for  repair  and  quickly  run  in  again.  It  is  claimed 
Hiiro  can  bo  made  to  the  grate,  however,  without  moriss  the 
mt  of  its  place,  by  merely  running  the  chain  back  till  tho 
0  bar  is  exposed.  Plato  7b  shows  a  pair  of  water-tube 
[feted  with  another  form  of  chain  grate  stokers,  in  which  the 
e  half  the  width  of  the  stoker. 


Under- Feed  Stokers 

he  under-feed  stoker,  as  explained!  the  fuel  is  contained  in  a 
ie  or  reservoir,  as  shown  in  Figs.  38  and  39j  carried  under  the 


Hot  A.m 


Ho-  A.» 


-Transvoreo  Section  of  Underfeed  Mechanical  Stoker.  Q  ie  the  Magaaina 
ie  Fuel ;  PP  are  Hot-air  Channels;  SS  are  the  passages  lor  the  Air  under 
?m  Bam,  FF.    The  Fuel  is  forced  up  at  RR  on  to  the  Bare. 

us  corresponding  to  the  furnace  grate  in  other  forms  of  furnace, 
umunicaLing  with  the   hopper,  as   shown   in  Eg,   89-      The   * 


126    STEAM   BOILERS,  ENGINES,  AND  TURBINES 

furnace  bars  are  different  from  those  usually  employed,  and  one 
of  makers  of  undor-fecd  stokers  claims  that  they  have   no 
There  is,  however,  in  both  forms  on  the  market  an  apparatus 
sponding  to  a  grate  type,  and  the  fuel  is  forced  out  through  spaces 
between  the  bars,  of  which  the  grate  or  its  equivalent   is  com- 

S)sod,  on  to  the  sides,  and  the  ash  is  carried  off  in  tho  usual  Wf, 
here  are  two  methods  employed  for  forcing  the  fuel  up  through  the 
furnace  bars-  In  the  "  Erith  "  grateless  under-feed  stoker  a  ram  is 
employed,  combined  with  a  rod  attached  to  tho  front  of  the  ram,  and 
carrying  wedge-shaped  blocks,  designed  to  give  a  lifting  movement 
to  the  fuel.     The  ram  is  moved  forward  periodically  by  the  fit* 


FlO.  89.— Longitudinal  Soction  of  Underfeed  Stoker,  showing  the  Rain,  wh. 

the  Fuel  up  between  the  Ban,  also  the  Air  Duct  and  the  Hopper-     A  is 
Hopper;  F,  the  Fire  Bars;  Q,  tho  Fuel  Magazine. 

piston  in  the  engine  cylinders  to  which  it  is  attached,  a  cert 
quantity  of  fuel  being  pushed  on  to  the  furnace  bars,  or  the  d* 
plates,  as  the  Erilh  Company  prefer  to  call  them,  at  each  stroke. 
In  one  form  of  the  Under-Feed  Stoker  Co.'s  apparatus,  the  fuel  u 
carried  forward  by  an  Arclrimedean  screw,  the  screw  being  worked  by 
gearing  from  any  convenient  source  of  power,  or  by  a  motor  or  steam 
cylinder,  and  in  another  form  by  a  ram,  as  shown  in  Fig.  39.  The 
continuous  motion  of  the  Archimedean  screw  forces  the  fuel  forwards, 
and  at  the  same  time  upwards  through  the  furnace  bars.  In  both 
forms  of  under-feed  stokers,  air  is  admitted  to  the  fuel  from  und* 
neath,  by  means    of  what  are  virtually  tubes,  or    tuyeres,  in 


BOILER   ACCESSORIES 


I27 


torn&ce  bars  themselves.  In  the  Erith  stoker  there  is  an  air-chamber 
mdemeath  the  fuel  magazine,  to  which  air  is  brought  by  fan,  or 
ither  means,  and  it  id  passed  from  it  through  the  hollows  in  tho 
lead  plates,  up  into  the  fueL  In  the  Under-Feed  Stoker  Co.'s  appa- 
ratus, the  lower  portion  of  tho  magazine  iteelf  forms  an  air-chamber, 
rod  the  air  is  forced  up  between  the  grate  bars.  It  is  claimed  in 
>tb  cases  that  the  air  consumption  and  fuel  consumption  are  under 
iplete  control,  from  the  front  of  the  boiler,  in  the  usual  way. 


Providing  the  Air  lor  the  Furnace 

There  are  four  methods  of  providing  the  air  that  is  required  by 
the  furnace — by  chimney  draught,  by  forced  draught,  by  induced 
draught,  and  by  the  aid  of  steam  jets.  All  of  the  methods  are 
amply  variations  of  the  same  thing.  In  all  of  them  a  certain  force 
b  applied  to  the  air,  to  drive  ifc  through  the  fire  bars,  the  fuel  lying 
on  them,  and  the  flues,  etc,  beyond.  With  forced  and  induced 
iranght  the  air  is  under  much  greater  control.  With  chimney 
fraught  the  only  method  of  control  is  by  closing  or  opening  the 
r,  more  or  less  throttling  tho  supply  of  air. 


Chimney  Draught 

Chimney  draught  is  caused  by  the  difference  in  the  weight  of  the 
iclumn  of  hot  gases  in  the  chimney,  and  that  of  a  similar  column  of 
dr  on  the  outside  of  the  chimney.  Perhaps  the  matter  will  be  more 
bsOj  understood  by  reference  to  the  case  of  the  ventilation  of  a  coal 
nine.  At  the  present  time  furnace  ventilation  is  not  often  found  in 
•oal  mines,  but  thirty  years  ago  it  was  very  common.  Now  the 
rirnacc  has  been  almost  ontirely  displaced  by  fans,  very  much  in  the 
«ine  way  that  chimney  draught  for  boilers  is  gradually  lieing  dis- 
placed by  one  or  other  of  the  methods  mentioned.  In  a  coal  mine 
,here  are  two  vertical  shafts,  from  the  surface  to  the  coal  seam,  a 
ihort  distance  apart,  and  at  the  bottom  of  tho  shafts  there  are  roads 
*x  tending  into  the  mine  from  each  of  the  shafts,  the  roads  being  con- 
lected  by  cros3-roads,  working  plaoos,  etc,  and  for  ventilation  the 
lir  has  to  pass  down  one  of  the  sliafts,  called  the  down-cast,  along 
:he  road  leading  from  it,  through  the  cross-roads,  working  faces,  to 
;he  road  leading  to  the  other  shaft,  known  as  the  up-cast,  and  through 
;he  up  cast  to  the  surface  again.  In  the  days  of  furnace  ventilation, 
i  large  furnace  was  kept  continually  burning,  near  tho  bottom  of  the 
ap-cast  Bhaft,  the  furnace  being  very  Biniilar  to  that  of  a  boiler 
furnace,  but  without  boiler  flues,  etc.,  and  its  office  was  to  heat  the 
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it i  urn  air  from  the  mine,  and  to  provide  a  column  of  hot  RU  in  the 
up-cast  shaft,  the  difference  between  the  weight  of  this  column  of  ur 
and  that  of  the  column  of  air  in  the  down-cast,  shaft,  which  \saaat 
tho  temperature  of  the  outside  atmosphere,  providing  what  was  called 
the  motive  column. 

Air,  it  will  be  remembered,  has  weight,  and  when  it  passes 
the  surface  of  the  flues,  through  hie  bars,  the  interstices  of  dm], 
it  creates  friction,  and  tliis  necessitates  the  expenditure  of  a  eei 
force  to  move  it.     Further,  the  weight  of  a  given  volume  of  an 
directly  with  its   absolute  temperature.      At  32°  F.,   1  lb.  of  air 
occupies  approximately  12^  cubic  feet;  at  double  tho  absolute  tem- 
perature, or  about  525°  P.,  the  same  weight  of  air  would  occupy  25 
cubic  feet.     The  absolute  temperature  corresponding  to  32°  F.,  it  will 
be  remembered,  is  493°  F.,  absolute  zero  being  461°  F.  below  the  zero 
of  Falironhoit's  scale;  consequently  double  tho  absolute  temperature 
at  32°  F.  is  986°  absolute  Fahrenheit,  corresponding  to  525°  gauge 
temperature  Fahrenheit. 

With  the  arrangements  of  a  boiler  furnace,  flues,  chimney, 
the  property  of  fluid  pressure  that  has  been  referred  to  in  a  previous 
portion  of  this  chapter  comes  into  play.     It  will  be  remembered  that 
in  a  fluid  any  pressure  communicated  to  any  part  of  the  fluid  is  baa* 
mittcd  through  the  fluid  in  all  directions.     In  the  case  of  the  boiler 
furnace,  the  air  passes  through  the  ashpit  ami  the  lire  bars  into  the 
coal,  and  it  is  the  weight  of  the  column  of  air  above  the  entrance  to 
the  ashpit  which  causes  the  air  to  move  into  and  through  the  ft;: 
If  tho  hot  gases  met  a  similar  column  of  air  on  tho  other  side  of  the 
boiler,  the  pressure  on  the  two  sides  would  be  equal,  and  there  would 
bo  no  force  tending  to  move  tho  air  and  the  gases  through  the  furnace, 
But  by  the  provision  of  a  column  of  hot  gases,  such  as  exists  in  I 
boiler  chimney,  and  whose  weight  is  less  than  that  of  the  cole 
it ir  pressing  against  the  ashpit  entrance,  there  is  a  force  tending 
cause  the  air  to  pass  into  the  ashpit,  and  thenco  through  the  fire  and 
flues,  etc.,  this  force  being  measured  by  the  difference  between  the 
weight  of  the  column  of  hot  gases  in  the  chimney,  and  that  i 
equivalent  column  of  air  outside  the  ashpit 

It  will  be  evident  from  the  above,  that  the  larger  the  area  of  the 
chimney,  and  the  greater  the  height  of  the  chimney,  the  greater  k 
the  force  tending  to  move  the  air  into  the  furnace,  and  to  mm 
hot  gases  through  the  furnace  flues.  Furthor,  it  is  evident  that  the 
higher  the  temperature  of  the  hot  gases  in  the  chimney,  the  greater  » 
the  difference  between  their  weight  and  that  of  the  column  of  air 
outside,  and  therefore  the  greater  is  the  force  moving  the  air  and  hut 
gases  or,  as  it  is  expressed,  creating  a  draught.  On  the  other  haml, 
it  will  easily  be  understood  that  whatever  quantity  of  heat  is  left  in 
the  hot  gases,  when  they  enter  the  chimney,  is  wasted,  so  far  as 


8*.— Front   View  of    Proctor's  Mechanical   Stoker,   as  fitted  to   the  Two 
Furnaces  of  a  Lancashire  Boiler, 
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beating  the  water  ami  the  .steam  in  the  boiler  is  concerned.  The 
standard  temperature  at  which  the  hot  gases  are  usually  delivered  to  the 
chimney  is  in  the  neighbourhood  of  t'O0\  There  is  a  limiting  value 
to  the  temperature  at  which  the  hot  gases  are  delivered  to  the  chimney, 
for  the  following  reason.  Though  the  density  of  the  gases  decreases 
in  direct  proportion  to  the  absolute  temperature,  the  velocity  at  which 
they  pass  through  the  chimney  increases  as  the  square  root  of  the 
absolute  temperature,  and  the  limiting  value — the  economic  tempera- 
ture— is  found  to  be  550°  F.  above  the  temperature  of  the  atmosphere. 
As  the  average  in  this  country  is  in  the  neighbourhood  of  60°,  this 
is  that  the  limiting  temperature  is  in  the  neighbourhood  of 
600°  l'\  II  La  the  velocity  at  which  the  gases  pass  up  iln  <  I  iin  r\ . 
which  controls  the  intensity  of  the  draught.  The  force  required  to 
drive  the  air  through  the  boiler  furnace,  and  to  drive  the  hot  gases 
through  the  boiler  flues  and  op  the  chimney,  because  some  force  is 
expanded  even  in  overcoming  the  friction  of  the  hot  gases  on  the 
walls  of  the  chimney,  both  in  mines  and  in  boiler  furnaces,  is 
measured  by  a  special  apparatus,  known  as  a  water-gauge,  the  force 
being  described  as  so  many  inches  of  water-gauge.  One  inch  of 
water-gauge  corresponds  to  0'578  oz.  pressure  per  square  inch,  and  is 
arrived  at  Li  the  following  manner.  The  weight  of  a  cubic  foot  of 
water  is  62"ooo  lbs.,  at  62  F.,  and  consequently  that  is  th>  pn  1  n 
exerted  by  a  cubic  foot  of  water  upon  an  area  of  one  square  roots, 
The  weight  of  a  mass  of  water  1  square  foot  in  area  and  1  inch  in 


,    62  3  ■<  i 
depth  is  — ro  - 
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5'197  lbs.,  and  the  weight  of  a  cubic  inch  of  water 


will  be  the  weight  of  this  last  quantity — 5*197  lbfl.  divided  by  144 
(the  number  of  square  inches  in  a  square  foot)  =  0'578  oz„  and  this  is 
Eon  the  pressure  which  1  square  inch  of  water  exerts  upon  the 
square  inch  base  it  stands  upon,  and  is  the  value  of  the  inch  water- 
gauge. 

_  Note.— The  inch  water-gauge  must  not  be  confused  with  the 
miner's  inch,  which  is  soinetliiug  quite  different,  and  has  nothing  to 
do  with  pressures. 

The  waier-gaugp  usually  rim.sists  of  a  U-tul«\  having  H  Bcalfl 
representing  the  difference  of  level  between  the  two  legs,  reduced  to 
inches  of  water.  The  two  legs  are  arranged  to  be  open  to  the  two 
atmospheres,  or  the  atmosphere  and  the  body  of  gas,  the  difference  of 
■  re  between  which  it  is  desired  to  measure.  There  are  different 
methods  of  accomplishing  this,  rubber  tubes  slipped  over  the  ends  of 
the  legs  of  the  tube,  being  a  simple  and  favourite  one.  One  simple 
arrangement  is,  the  U-tl*he  is  fixed  on  a  piece  of  board,  or  in  any 
convenient  position,  in  one  body  of  gas,  eay  in  the  atmosphere,  and  a 
abort  tube  is  led  from  the  end  of  one  leg,  through  an  aperture 
provided  for  the  purpose,  io  a  partition  dividing  the  two  bodies  of 
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gas,  into  the  other  body,  the  second  leg  being  open  to  the  ntn;< 
where  the  gauge  is  fixed. 

Evidently  the  difference  between  the  pressures  of  the  two  ve 
or  the  two  air  passages,  or  an  air  passage  and  the  atmosphere,  will  be 
measured  by  the  height  of  the  water  in  the  gauge.     It  is  of  course 
not  necessary  that  the  water  shall  he  1  square  inch  in  section,     h 
may  be  of  any  sectional  area,  provided  it  is  graduated  accordingly. 

For  ordinary  boiler  work,  pressures  up  to  2  J  inches  water-gaagG  are 
employed,  and  of  the  total  pressure  required,  the  fuel  takes  from 
0*2  up  to  18  inch  of  water-gauge,  according  to  the  substance.  Tht 
following  table,  given  by  Mr.  Hutton,  shows  the  draught  required  for 
tho  different  kinds  of  fuel.  As  will  be  scon,  straw,  wood,  an<!  tin- 
free  burning  coals  require  the  smallest  pressure  to  drive  the  ail 
through  them,  large  coal  also  requires  a  small  pressure  coin 
with  small  coal,  and  the  anthracites  require  the  largest  pressure  of  alL 


TABLE  XIV. 


Klml  offal. 


Si.raw 

Wood 

Sawdust      ...... 

Peat  (light) 

h     (heavy)         

SawdiNt,  mm<|  wii  li  smull  coal      .....      (VI. 


['rcware  n*qnlr«d  In  It 

.  Q 

.  0 

.  0-80 

.  "I 

.  " 


0  4  to  0-7 

0' 

"7,  1! 

W   ,.  W 

o-v  „  W 

Mixture  of  breeze  and  slack I  G  .  !  I 

Anthracite  (rouud) 

Mixture  of  bree;ce  aud  coal  dust    .  .  .  1  i  ,,  '    ■ 

Ani-.r.h.  \i-  sla<  1.  .  .  .  .  .  .  I  8   ,,  t'fl 


Steam  coal  (round) 
Slack  (ordinarj). 
„      (very  email) 
Coal  dust     . 
Semi-anthnii.'iU-  conl 


It  was  mentioned  in  the  first  chapter,  that  a  certain  quanta 
oxygen  is  required   fur  the  complete  combustion  of  every  kind  d 
fuel,  and  it  may  be  mentioned  that  the  minimum  quantity 
required  to  furnish  the  oxygen  for  the  complete  combustion  of  1  lb. 
of  carbon,  oxidizing  to  carbonic  acid,  is  approximately  12  lbs.     In 

■tiec,  however,  il  is  never  possible   to  wurk    to  exactly    I 
iditions,  and  it  is  usual  to  reckou  upon  a  supply  of  24  lbs.  of  air 
to  each  pound  of  the  fuel  to  be  consumed. 

The  volume  of  the  gase3  produced  from  the  combustion  of  car' 
providing  that  it  is  completely  oxidized  to  carbonic  acid,  is  the 
as  that  of  the  air,  before  the  carbon  combined  with  the  oxygen, 
the  same  temperature.  The  volume  of  the  nitrogen,  at  any  given 
temperature,  remains  unchanged  of  course;  aud  the  volume  of  tL« 
carbonic  acid  formed  by  the  combination  of  the  carbon  with  tic 
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oxygim,  is  pnietirully  tlie  same  U  thai  of  the  oxygen  before  it  antesed 
into  combination,  always  providing  the  temperatures  are  tho  samo. 
Hence  the  volume  of  tho  hot  gases  is  practically  the  same  as  Lho 
volume  of  the  air  supplied  to  the  furnace,  and  the  whole  of  the  gases, 
consisting  of  the  carbonic  acid  formed,  the  unchanged  nitrogen  and 
oxygen,  have  to  be  raised  to  the  same  temperature,  the  result  being 
that  the  temperature  at  which  the  hot  gases  leave  the  burning  fuel 
is  never  greater  than  about  2400°  F.,  instead  of  being  in  the  neigh- 
bourhood of  4000°  F. 

Chimneys  are  required  tor  two  purposes — to  furnish  the  neces- 
sary draught,  and  also  to  carry  off  the  products  of  combustion, 
the  hot  gases,  etc.,  and  to  deliver  them  to  the  atmosphere  at  a  height 
where  they  will  do  littlo  harm.  When  the  chimney  is  employed 
only  for  delivering  the  products  of  combustion  harmlessly  into  the 
neighbouring  atmosphere,  it  is  evident  that  tho  height  of  tho  chimney 
may  be  very  much  less  in  a  great  many  instances,  than  where  it  is 
also  required  to  furnish  the  necessary  draught,  and  one  reason  why 
chimney  draught  is  being  superseded  by  the  other  forms  of  draught, 
in  places  where  comparatively  low  chimneys  may  be  fixed,  is  because 
the  cost  of  the  chimney  itself  is  often  a  serious  item  in  the  outlay, 
and  because  the  chimney  demands,  for  furnishing  the  draught, 
something  like  25  per  cent,  of  the  total  energy  delivered  to  the  hot 
gases  at  the  furnace.  It  will  be  understood  that  the  heat  carried  by 
the  hot  gases  is  measured  by  the  product  of  their  weight  into  their 
temperature,  Blld  into  their  specific  heat,  arid  us  they  set  out  with  a 
temperature  of  2400 J  F.,  and  are  delivered  to  the  chimney  at  60U'J  F., 
25  per  cent,  of  their  energy  is  used  in  the  chimney  ;  whereas  if  the 
chimney  was  merely  an  apparatus  to  deliver  the  hot  gases  harmlessly, 
ihe  only  expenditure  of  energy  necessary  in  the  chimney  would  lie 
that  required  to  overcome  the  friction  of  the  hot  gases  on  tho  sides 
of  the  chimney.  The  waste  involved  in  delivering  the  gases  to  the 
chimney  at  tlOO"  F.  may  be  better  appreciated  by  convening  the  heat 
units  which  they  carry  into  mechanical  energy.  There  is  hardly 
space  to  reproduce  the  calculation  involved,  but  remembering  that 
each  unit  represents  778  foot-lbs.  of  work,  and  that  each  pound  of  the 
gas  carries  off  approximately  143  heat  units,  the  enormous  amount 
of  energy  passing  up  a  chimney  will  easily  be  understood.  It  has 
been  computed  that  the  actual  work  done  by  the  hot  gases,  in  creating 
the  draught,  is  only  000056  of  the  amount  of  energy  contained  in 
the  gases  themselves. 

Sizes  of  Chimneys  and  Horse- Power  of  Boilers 

The  chimney  designed  to  furnish  draught  for  a  boiler,  or  battery 
of  boilers,  has  two  sets  of  dimensions,  both  of  which  are  etiuullv 
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important.      Its  sectional  area   must    be   sufficient    to    allow   the 
whole  of  the  gases  delivered  by  the  boiler,  or  battery  of  bailera,  v> 
escape  freely  through  the  chimney,  without  throttling.     In  addition, 
if  the  chimney  is  also  to  furnish  the  draught  necessary  for  the  I" 
it  must  be  of  a  sufficient  height  to  furnish  the   required  motive 
column  described  on  p.  128.     The  total  energy  present  in  the  gases 
passing  through  the  chimney  will  depend  on  both  of  these  factod 
The  larger  the  area  of  the  chimney,  and  therefore  the  larger  the 
volume  of   the  gases   passing  through  it,  the  greater  the  ei 
present  iu  a  column  of  a  given  height;  and  also  the  jji 
height  of  the   chimney,  the  greater  the  energy  present  for  ;i 
area.     The  H.F.  of  the  boiler,  as  it  is  sometimes  expressed,  cr  the 
battery  of  boilers,  determines  the  sectional  area  of  the  chimney,  unJ 
thi9  is  quite  independent  of  the  height  of  the  chimney.     The  nioduru 
method  of  describing  the  capacity  of  the  boiler,  as  able  to  eva; 
a  certain  quantity  of  water  per  hour  to  steam  at  a  certain  pressure, 
is  very  much  more  accurate,  and  more  scientilic,     Tor  it  will  bfl 
evident   that    the   H.P.  furnished   by  the   steam    gmeriited   in   any 
boiler  will  vary  with  the  engine  iu  which  the  steam  is  used.      Thus, 
taking  the  consumption  of  non-condeusing  engines  at  from  ! 
40  lba  of  steam  per  H.l'.  per  hour,  simple  engines  condenei 
from  24  to  30  lbs.,  compound  engines  at   from  18  to  25,  and  triple 
expansion  engines  at  from  15  to  20,  the  H.P.  of  a  boiler,  oi  b 
of  boilers,  could  be  stated  in  very  different  Figures,  and  would  be 
furnishing  a  very  different  number  of  H.P.,  according  to  the  type  of 
engine  to  which  it  was  furnishing  steam. 

From  what  has  been  stated  on  previous  pages,  it  will  be  un 
stood  that,  in  order  that  a  certain  quantity  of  water  shall  be  raised  to 
a  certain  temperature,  and  converted  into  steam,  a  certain  number  of 
heat  units  must  be  delivered  to  it,  and  this  requires,  in  each  kind  of 
boiler,  the  consumption  of  a  certain  quantity  of  fuel,  again  vni 
with  the  composition  of  the  fuel,  this  again   requiring   a  certain 
quantity  of  air.  and  furnishing  a   certain   volume    of  heated   guses. 
This  again  implies  the  presence  of  a  certain  grate  area  iu  the  furnace, 
or  furnaces,  in  which  the  fuel  is  consumed,      llem^  it  will  I 
that  the  area  of  the  chimney  will  depend  upon  the  area  of  the  grato 
or  grates  on  wliicli  the  fuel  is  burned,  to  furnish  the  hot  gases  that 
are  to  pass  through  the  chimney.     Professor  Thurston  gives  as  a 
standard  for  chimneys  of  200  feet  high  and  upwards,  a  sectional  area 
of  2  square  inches  for  each  pound  of  fuel  consumed  on  the  p 
supplying  the  chimney;  and  he  gives  as  a  further  standard,  the 
sectional  urea  of  the  chimney  as  from  J  to  J  of  the  grate  area. 

It  should  be  mentioned  en  passant,  that  this  last  standard  w  D 
subject  to    modification   where    the   01111111163'  1S   nnry   waploy< 
carrying  the  gases  off  harmlessly.     As  will  be  explained,  with  all  l he 
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methods  known  generically  as  mechanical  draught,  very  much  higher 
■>f  consumption  of  fuel  are  obtained  with  a  given  grate  area 
than  are  usual  with  chimney  draught,  and  as  this  produces  a  larger 
Quantity  of  hot  gases,  if  they  are  not  to  be  throttled  by  the  chimney 
the  sectional  area  of  the  latter  must  be  increased  in  proportion.  On 
the  other  hand,  whore  the  chimney  is  only  employed  to  get  rid  of  the 
hot  gases,  these  will  be  at  a  much  lower  temperature  than  is  usual 
with  chimney  draught,  and  therofore  their  volume  will  bo  Iobs  from  that 
use  than  it  would  have  been  where  the  hot  gases  create  the  draught. 


fu 
ve 


The  Factors  ruling  the  Height  of  a  Chimney 

It  has  been  explained  that  the  chimney  is  required  to  carry  a 
column  of  hot  gases  of  sufficient  size  to  furnish  the  necessary  motive 
■  okinin.  The  weight  of  the  column  of  gases  in  the  chimney,  QOWaver, 
will  depend  inversely  upon  their  absolute  temperature.     Further,  the 

fcj  of  the  gases  have  an  important  bearing  upon  the  matter,  as 
will  be  seen.  The  velocity  at  which  the  gases  pass  through  the 
chimney  rules  the  velocity  with  which  they  pass  through  the  boiler 
tubes,  or  the  space  around  the  tubes,  flues,  etc.,  and  this  again  rules 
the  rate  at  which  air  is  admitted  to  the  furnace,  and  at  which  com- 
bustion takes  place.  Hence  the  velocity  of  the  gases  in  the  chimney 
rules  the  rate  of  combustion,  this  again  being  ruled  by  the  difference 
the  pressure  between  the  ashpit  and  the  furnace.  Again,  the 
velocity  of  the  gasos  is  ruled  by  the  difference  of  pressure  ln-i 
the  column  of  the  atmosphere,  and  the  column  of  hot  gases  in  the 
chimney.     The  pressure  exerted  by  the  motive  column  is  known  as 

■ad,  and  is  usually  denoted  by  the  letter  H,  and  the  head  of 
any  motive  column  is  equivalent  to  the  height  through  which  the 
sues  composing  that  column  would  have  fallen  in  acquiring  the 
velocity  at  which  the  gases  are  moving.  The  velocity  at  which 
the  gases  are  moving  is  found  from  the  formula  v  =  s/'ltjh,  where  v 
is  the  velocity  of  the  gases,  /*  is  the  height  of  the  motive  column, 
under  which  they  are  moving,  and  g  is  the  accelerating  force  of 
gravity,  taken  usually  as  32'2  feet  per  second.     The  formula  will  be 

aized  as  that  which  is  applied  to  all  falling  bodies.  It  will  be 
Been  Groin  it,  however,  that  the  velocity  of  the  gases,  the  accelerating 
force  of  gravity  being  constant,  varies  as  the  square  root  of  (he  htttfl 
of  the  motive  column.  In  mining  work  this  is  expressed  by  Baying 
that  the  velocity  of  the  air  varies  inversely  as  the  square  root  of  the 
water-gauge,  and  this  may  be  applied  equally  to  boiler-work.  The 
height  of  any  column  of  any  fluid  required  to  furnish  a  given  pressure 
depends  directly  upon  the  pressure,  and  inversely  upon  the  density 
of  the  fluid. 
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Here,  in  connection  with   chimney  draught,  a  very  important 
matter  comes   in,  viz.  the  temperature  of  the  air  outside  of  tiftfl 
chimuey.      In   the  accompanying  table,  which  is    taken  fro:- 
Sturtcvant  Company's  book  on  "Mechanical  Draught,"  the*  pressures 
in  inches  of  water-gauge,  with  different  temperatures  of  the  gases  in 
the  chimney,  and  different  temperatures  of  the  outside  air,  axe  . 
tho  chimney   temperatures  from   200°  to  500*  F„  and  the  outside 
teiuporatures  from  0°  to  100°.     It  will  be  noted,  from  an  inap 
of  the  table,  what  a  very  wide  difference  of  pressure  a  difference  in 
the  temperature  of  the  outside  air  makes,  as,  say,  between  n 
winter  atmosphere  and  a  hot  summer  one.     The  figures  given  are 
for  a  chimney  of  100  feet  in  height.     "Willi  the  chimney  temperature 
at  500°  F.,  it  will  be  noted  that  with  the  temperature  of  the  o 
air  at  30°,  the  water-gauge  produced  is  0*73  inches,  while  with  the 
same  chimney  temperature,  and  with  an  outside  temperature  of  LOO  . 
the  water-guage  is  only  0*534,  or  a  reduction  of  0*190,  sufficient  to 
furnish  the  pressure  for  driving  the  gases  through  the  chimney 
With  h  chimney  200  feet  high,  the  above  figures  would  be  do> 
and  there  would  be  a  difference  3uch  as  would  easily  occur,  N 
Canada,  or  other  countries  subject  to  wide  variations  of  temperature, 
of  0*392  inches  water-gauge. 
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TcmjKTi- 

iut«  In 
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T«mp#nturt  ol  utteruil  air. 


B001 
890° 

240° 

360* 

89 j 

BOO5 

B90° 

840* 

860' 

im3 

400° 
420° 
440> 
4G03 

■ISO" 

600 


0453 

(H8fl 

0  690 

0*555 

0-584 

(HSU 

0037 
0-602 
0687 
0*710 
0*7*19 
0753 
0774 
0-7U8 
0-810 
0*8)10 
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0-419 
0-453 
0-488 
0-528 
0-549 
0*876 
0-003 
0*638 
0-653 
0-676 
0-697 
0-718 
0*789 

o77<; 
0*791 


■jit 


0-864 

0-419 
0-451 
0-484 
0-515 
0-541 
0568 
0598 
0-618 
0-641 
0-662 

0-66-] 

0-705 
0*78*1 
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way.  Tt  will  Ix1  seen  that  where  the  outside  atmosphere  is  subject 
to  changes  of  temperature  of  any  magnitude,  as  all  atmospheres  are, 
even  in  tenipeniii*  alimates,  and  still  more  so  on  large  continental 
areas,  such  as  North  America,  etc.,  it  is  necessary  to  provide  a 
chimney  of  such  dimensions,  that  the  motive  column  is  always 
present,  even  in  the  very  hottest  weather,  and  this  means  that  the 
■i  of  the  chimney  is  very  much  greater  in  consequence,  ami  that 
the  Jiy  much  larger  waste  of  energy  in  the  hot  gases  passing 

Iup  the  chimney  than  would  otherwise  rule, 
ttf  the  chimney  is  also  ruled  indirectly  hy  the  necessity 
of  providing  for  a  certain  definite  velocity  in  the  gases.  As  explained 
;i  certain  velocity  in  the  hot  gases  is  necessary  in  order  that 
the  air  from  which  they  are  formed  may  enter  the  furnace  in  proper 
proportion,  and  this  velocity  is  only  obtained  by  a  certain  definite 
motive  column  or  height  of  chimney.  Hence  the  chimney  is  obliged 
BO  be  higher  in  some  cases  than  would  \xs  otherwise  necessary,  and 
than  would  apparently  be  necessary  from  an  examination  of  the 
height  and  area  of  the  chimney,  in  order  to  provide  fiw  this  velocity. 
The  rinnl  solution  of  the  problem*  is  somewhat  troublesome,  and  as 
usual  it  lias  been  left  to  the  practical  eii^ineei  t»  work  out.  Mr. 
Willi.tm  Kent,  the  author  of  the  "Standard  Mechanical  Engineers' 
Pocket  Book  "  in  America,  has  produced  the  table  on  p.  136. 

»The  table  is  based  upon  a  consumption  of  6  lbs.  of  fuel  per  H.IV 
per  hour.  Modern  engines  work  with  considerably  less  than  that,  as 
explained  above,  but  the  differences  in  the  temperature  of  the  outside 
atmosphere,  and  also  changes  that  may  take  place  in  the  resistance 
ottered  to  the  draught,  both  within  the  boiler  and  in  the  chimney, 
have  led  Mr.  Kent  to  provide  very  liberally  in  calculating  for  the 
horse-power. 

It  will  be  noted  that,  in  the  table,  the  diameters  of  different 
ahimneys  are  given,  from  18  inches  up  to  12  feet,  these  hoi  no  for 
circular  chimneys,  and  the  equivalent  6ixes  for  square  chimneys,  and, 

tin  addition,  what  is  termed  the  effective  area  in  square  feet. 
By  affective  area  is  meant,  the  actual  space  within  the  chimney, 
operating  !<>  produce  the  required  velocity  of  the  gases.  As  already 
explained!  the  pases,  in  passing  through  the  chimney,  create  friction 
upon  the  aidee  of  the  chimney,  and,  to  meet  this  friction,  the  actual 
i  ■  through  which  the  gases  pass  is  taken  as  so  much  less  than  the 

» total  nrea  of  the  chimney  itself. 
The  formula  upon  which  this  is  calculated  is  as  follows: — 
!•:  =  a  -  or,  x  v/a 
e  height  of  chimneys  are  given  in  feet,  from  50  feet  up  to  300 
feet,  and  it  will  1"'  noted  that  the  chimneys  of  smaller  diameter  are 
ran  smaller  heightflj  the  hoights  increasing  with  the  sectional  areas. 
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c  will  be  noted  also  that  the  pOBsiblfl  II  P.  of  a  chimney  of  a  given 

ictional  area  increases  with  the   height,  a  chimney  of   18   inches 

liarneter,  far  instance,  when  50  feet  high,  being  equal  to  the  service 

if  23  H.P.;  at  60  feet  high  of  25  H.P.,  and  so  on.     The  reason  for 

this  is.  the  increased  height  furnishes  the  increased  motive  column, 

herefore  the  increased  velocity  of  the  gases,  and  the  increased 

ige  of  air  through  the  furnace,  and   therefore  increased  com- 

;tion. 

I :  should  be  mentioned  that  what  is  called  the  intensity  of  the 
draught,  or  the  pressure  available  for  driving  the  air  and  gases  tin 
the  furnace  in  the  chimney,  varies  as  the  square  root  of  the  I 
of  the  chimney,  and  this  is  because  the  height  of  the  chimney  varies 
with  the  velocity  of  tfic  gases. 


Construction  of  Boiler  Chimneys 

Boiler  chimneys  may  be  constructed  of  iron  or  steel,  or  of  brick- 
work, and  in  modern  plant  are  oflen  constructed  of  the  two  combined, 
the  chimney  being  built  of  steel,  lined  for  the  whole,  or  more  fre- 
quently a  portion,  of  its  length  with  brickwork.  For  small  boilers, 
such  as  those  of  portable  engines  and  small  boilers  in  positions  where 
the  smoke  is  not  of  consequence,  simple  iron  and  uteel  cylinder!, 
formed  from  iron  plates  bent  round  and  riveted  together,  and 
riveted  to  the  shell  of  the  boiler  where  the  flue  ends,  are  sufficient. 
For  larger  boiler  plants,  and  particularly  where  the  flue  gases  have  to 
be  delivered  at  a  height  where  they  will  not  be  a  nuisance,  up  till 
recently  the  common  plan  was  to  build  brick  chimneys,  which  were 
sometimes  circular  in  section,  sometimes  octagonal,  and  sorm 
square.  The  circular  section  is  undoubtedly  the  best  form,  because 
the  whole  of  the  inside  of  the  chimney  id  employed  in  CWryio 
gases;  while  with  the  square  and  octagonal  forms  the  comers  often 
give  rise  to  eddies,  which  reduce  the  draught,  and  would  also  form 
pockets  for  the  passage  of  the  soot.  The  form,  however,  has  also  an 
imp  riant  bearing  upon  the  question  of  wind  pressure.  One  of  the 
problems  in  connection  with  the  buildiu:/  of  chimneys  is  providing 
suilieient  strength  for  them  to  withstand  the  pressure  under  all  con- 
ditions, and  for  this  the  circular  chimney,  for  the  same  weight  of 
material,  exposes  only  half  the  surface  to  any  particular  wind  that 
may  be  blowing  ;  or  put  it  in  another  way,  a  chimney  that  is  to  he  of 
o  given  height  and  a  given  sectional  area  may  be  half  the  weight,  il  it 
is  circular  in  section  of  that  required  if  it  is  square,  and  the  pro- 
nation between  the  circular  and  octagonal  cldmneys  is  as  4  to  5  for 
ie  same  conditions. 
Another  very  important  point  in  connection  with  the  building  of 
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chimneys — perhaps  the  most  important   point— is  the  foun  : 
The  foundation  of  the  chimney  must  be  of  a  certain  definite  da 
and  width,  in  proportion  to  its  height  and  sectional  area. 

In  Hie  building  of  brick  chimneys  it  is  of  great  importance  tlia 
the  bricks  should  bo  of  a  very  high  clues,  and  that  very  much  greater 
care  should  In*,  taken  in  laying  the  bricks  than  with  ordinary  building 
In  fact,  chimney  building  is  a  special  art  in  itself. 

Special  forms  of  bricks  have  been  designed  for  the  building  of 
chimneys,  and  amongst  them  may  be  noted  the  perforated 
bricks  made  by  the  Alphons  Custodis  Construction  Company.     The 
chimney  is  designed  on  paper,  exactly  as  a  machine  is,  and  the 
bricks  for  the  chimney  are   also  designed   to  occupy   their  | 
sectorship  of  the  cylinders  they  go  to  make  up.     It  is  claim 
chimneys  built  with  these  bricks  that  they  stand  better,  and  t 
heller  provision  is   made  for  expansion,  while  the  chimney  itself 
more  of  a  solid  structure  than  can  be  obtained  with  the  ox-din 
brick.     With  the  ordinary  brick,  it  will  be   understood,   the    angles 
formed  by  laying  tho  bricks  together  to  form  a  cylinder  mu 
tilled   in  with  mortar;  while  with  radially  designed  brick*  the  briflkfl 
themselves  form  the  cylinder,  the  only  office  of  the  mortar  beiu^  t-. 
hold  the  bricks  together.     It  is  usual  to  build  an  outer  pro 
shell  with  ordinary  bricks,  though  it  is  claimed  that  this  is  not  neces- 
sary with  the  perforated  radial  bricks.     It  is  sometimes  arranged  to 
fix  water  tanks  about  halfway  up  the  chimney,  the  tank 
annular  form,  the  lower  portion  being  inclined  to  the  vertical,  and 
being  supported  by  special  ledges  of  bricks,  a  cover  being  pr 
for  the  water  above.     This  arrangement  has  tho  advantage  of  a  watei 
tower  at  a  considerable  height  above  the  ground,  with  only  a  small 
expense  for  the  support  of  tho  tank,  where  the  ordinary  water  tower 
would  be  a  somewhat  expensive  matter. 

Steel  chimneys  arc  now  built  very  much  on  the  lines  of 
boilers,  except  that,  as  they  have  not  so  much  pressure  to  withstun 
it  has  not  been  found  necessary  to  take  such  great  care  in  the  i 
linn  of  the  cylinders,  the  joints,  etc.     The  chimney  is  built   op  in 
sections,    each    section   being    made   of  sheets    from  8  to  1"  fi 
in  length,  the  sheets  being  riveted  together  in  the  usual   way, 
rivet-holes  being  punched  instead  of  drilled.      Steel  chiinie 
made  either  to  be  supported  by  guys,  or  to  be  self-supporting     Where 
there  is  a  difficulty  in  obtaining  a  good  foundation,  it  is  necessary 
to  support  tho  chimneys  at  two  or  three  portions  of  their  hoi- 
guys  or  stays  in  all  directions,  the  stays  consisting  of  wire  ropM 
ending  in  rods  attached  to  anchors  in  tie  ground.     Where  a 
foundation  is  obtainable,  the  chimney  is  made  self-supporting 
giving  it  a  broad,  deep  foundation,  and  by  anchoring  it* 
means  of  bolts. 
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Forced  Draught 

Br  forced  draught  is  understood  the  passage  of  air  under  pressure 
through  the  boiler  furnace,  and  it  may  he  accomplished  in  two  ways. 
The  stoke-hold  may  be  closed,  and  the  air  that  is  to  pass  into  the 
furnace  may  be  forced  into  the  stoke-hold  under  a  certain  pnwsure, 
the  ashpits,  etc,  being  loft  in  the  ordinary  conditions.  The  stoke- 
hold may  be  left  under  ordinary  conditions,  and  the  ashpit  may  be 
closed  and  the  air  for  the  fires  delivered  under  pressure  to  each  ;i  h- 
pit  The  closed  ashpit  system  is  necessarily  the  most  convenient  for 
the  great  majority  of  boilers  on  shore,  but  on  board  ship  the  o] 
stake-hold  system,  or,  as  it  is  called  iu  America,  the  closed  lire- 
room  system,  has  also  been  adopted,  particularly  in  the  case  of 
men-of-war.  The  objection  to  the  closed  stoke-hold  system  is  the 
fact  that  the  men  working  in  it  are  exposed  to  the  air  pressure,  and 
that  it  is  more  difficult  to  maintain  a  large  space,  such  as  the  stoke- 
hold, closed,  than  the  smaller  space  formed  by  the  ashpit.  One 
objection  to  the  closed  ashpit  system  is  the  number  of  connections 
that  have  to  be  made  from  the  pipe  bringing  the  air  to  the  different 
and  the  difficulty  of  delivering  the  air  uniformly  to  nil  parts 
nf  the  furnace.  There,  is  a  tendency  to  blow  holes  in  the  fuel,  and  to 
cause  larger  heating  at  certain  grate-bars  than  at  others,  and  to  blow 
out  the  ashes,  etc.,  into  the  boiler-room.  In  the  case  of  the  closed 
ttoke-hole  system,  providing  that  the  air  pressure  is  not  high,  the 
inugement  is  good,  inasmuch  as  \i  pi-nvides  ventilation  roi  tin- 
hold  as  well  as  air  for  the  furnaces. 

Whichever  system  is  adopted,  whether  the  closed  ashpit  system 
or  the  closed  fire-room  system,  the  air  pressure  is  produced  by  means 
of  a  fan  placed  conveniently  to  the  fire-  or  boiler-room,  and  baring  a 
duct  or  other  arrangement  leadiug  to  a  supply  of  fresh  air,  the  fan 
drawing  the  air  from  the  fresh  supply,  and  passing  it  either  directly 
into  the  stoke-hold  or  into  a  pipe  leading  to  the  different  ashpits. 

A  modification  of  the  forced-draught  system  provides  for  heating 
the  air  on  its  way  into  the  ashpit  or  boiler-room.  It  will  be  obvious 
that  the  system  is  not  applicable  to  the  case  of  the  closed  stoke-hold, 
inasmuch  as  the  men  would  be  subject  to  higher  air  tampetrafcaraa 
than  they  are  at  present.  The  economy  of  the  system  is,  however, 
considerable. 

It  will  be  understood  that  with  forced  draught  the  fan  is  required 
to  produce  the  necessary  pressure  to  drive  the  air  into  the  furnace, 
igh  the  fuel  and  the  hot  gases  which  are  formed,  through  the 
|>  il<  r  Boea.or  their  equivalent  in  water-tube  boilers,  and  also  to  force 
the  hot  gases  up  the  chimney.  A  portion  of  the  necessary  pressure 
will  be  provided,  wherever  there  ifl  ■  ohimaej  of  any  appreciable 
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height,  by  the  motive  column  furnished  by  tlic  difference  bel 
tike  weight  of  the  hot  gases  in  the  chimney  and  the  equi- 
valent column  outside,  and  in  those  case3  the  fan  has  really 
only  to  provide  the  pressure  that  is  not  furnished  by  the 
chimney.  On  the  other  hand,  with  a  fan  forcing  air  into  the 
furnace,  it  is  not  necessary  to  provide  that  the  gases  ascending  the 
chimney  shall  have  any  appreciable  temperature  at  all  If  the  heat 
which  they  carry  can  he  economically  absorbed  before  they  reach  the 
chimney,  and  this  is  ono  of  the  advantages  of  forced  draught  even 
where  a  chimney  is  already  in  existence.  It  will  be  remembered 
that  it  is  the  common  practice  to  deliver  the  hot  pases  to  the  chimney 
at  about  600°  F-,  because  this  is  about  the  temperature  up  to  which 
an  increased  pressure  is  obtained,  and  that  with  a  furnace  temperature 
of  24005  F.,  this  means  that  25  per  cent,  of  the  heat  units  are  lost. 
When  forced  draught  is  applied,  the  temperature  of  the  hot  gases 
may  be  reduced  to  any  figure  the  engineer  pleases,  providing  that  ho 
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Fig.  40. — Diagram  showing  the  course  of  tho  Air  and  Hot  Gasos,  with  Forced  Draught 

and  an  Economise. 

can  get  them  away  comfortably  to  the  outer  atmosphere.     It  is  quit 
common  now  to  take  out  800"  of  temperature  from  the  hot  gases  by 
means  of  economises,  and  to  deliver  them  to  the  chimney  at 
only,  this  meaning  that  a  further  12}  per  cent,  of  tho  heat  units 
delivered  to  the  hot  gases  in  the  furnace  are  usefully  employed.     It 
appears  to  the  author,  subject  to  practical  considerations,  that  - 
forced  draught  is  employed  this  might  be  carried  very  much  I'm 

Fig.  40  shows  diagramraatically  the  course  of  the  air  and  hot 
gases,  in  a  Lancashire  or  Cornish  boiler,  with  forced  draught,  whcie 
an  economizer  is  used. 

In  addition  to  enabling  a  larger  percentage  of  the  heat  deliv 
to  the  hot  gases  to  he  usefully  employed,  forced  draught  ena> 
higher  pressure  to  be  maintained  in  the  boiler  furnace,  and  hence 
enables  a  thicker  fire  to  be  employed,  the  fuel  lying  on  the  grate-bars 
in  larger  quantities,  and  therefore  a  larger  combustion  to  be  obtained 
from  a  given  grate  area;  and  further,  the  quantity  of  air  supplied  to 
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the  furnace  to  be  considerably  reduced.  It  was  pointed  out  ou  p.  130, 
Ilia  I  the  common  practice  13  to  supply  double  the  quantity  of  air  to 
the  furnace  that  is  required  to  furnish  the  quantity  of  oxygen  neces- 
sary to  ori  lise  the  whole  of  the  carbon  to  carbonic  acid.  This 
is  due  to  the  fact  that  with  chimney  draught,  which  is  limited, 
except  where  the  chimney  itself  has  been  built  on  very  liberal 
lines — and  even  then  sometimes  in  hot  weather — the  fuel  is  usually 

•11  the  furnace  bars  rery  thinly,  so  that  the  air  may  easily  pass 
through,  and  the  proper  draught  be  maintained.  If  a  thick  fire  was 
maintained,  the  draught  would  be  check ed,  and  the  combustion  would 
be  imperfect.  With  fan  draught,  as  practically  any  pressure  the 
engineer  chooses  can  be  maintained,  these  conditions  disappear.  The 
additional  pressure  necessary  to  drive  the  air  through  the  greater 
thickness  of  fuel  can  easily  be  provided,  and  as  then  a  larger  mass  of 
incandescent  fuel  is  produced,  combustion  is  very  much  better,  and 
the  quantity  of  air  necessary  in  order  to  provide  the  required  quantity 
of  oxygen  is  reduced  to  1J  times,  and  in  special  cases  to  11  times  tfafl 
theoretical  quantity.  This  means  that  a  further  economy  is  obtained, 
te  G  or  9  lbs.  of  air  per  pound  of  fuel  that  is  dispensed  with 
attfl  Tree  the  heat  units  which  they  would  have  absorbed  for  raising 
ire  ol  Hie  fire  itself,  and  thence  increasing  the  radiation 
from  the  surface  of  the  fire,  which  has  a  very  important  effect  in  the 
.,'  of  the  water  in  the  boiler;  and,  in  addition,  the  hot  gases, 
starting  at  a  higher  temperature,  deliver  their  heat  more  readily  to  the 
metal-heating  surfaces  with  which  they  come  in  contact,  and  thence 
the  heat  is  more  readily  transmitted  to  the  water  on  the  other  side  of 

letting  surfaces,  and  the  whole  efficiency  of  the  boiler  is  raised. 

On  the  other  side  of  the  question  have  to  be  placed  the  charges 

fur  driving  the  fan  to  produce  the  necessary  quantity  of  air,  and  the 

-1   npon  the  fan  and  engine  (or  motor),  ducts,  etc.,  but  against 

these  may  be  placed,  in  the  case  of  new  plant,  the  difference  in  the 

of  1  Uo  chimney,  a  smaller  chimney  Wing  able  to  do  the  same 
work  with  forced  draught  as  the  largo  one  did  with  chimney  draught. 


Induced  Draught 

By  induced  draught  is  meant,  sucking  or  exhaustiug  the  afa 
through  the  furnaces,  Hues,  etc.,  by  means  of  a  fan  placed  at  the 
l»ack  of  the  boilers,  in  the  path  of  the  hot  gases  on  their  wav  bo 

himney,  as  shown  diagrammatically  in  Fig.  41,  with  an 
economizer,      In  this  case  the  hot  gases  pass  through  the  fan,  and 

:  mngement  of  the  fan  must  be  such  that  it  will  withstand  the 
high  temperatures  at  which  the  gases  are  delivered  to  it,  and  an 

.■up  lit   uiu  ■    klso  be  made  for  getting  rid  of  the  deposit  of 
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liiirly  divided  carbon,  or  soot,  tliat  is  deposited  from  the  hot  giMfi 
everywhere,  as  they  pass  from  the  boiler  to  the  atmosphere. 

Gun  important  point  must  bo  noted   in  connection  with   i:i  i'». 
draught,  as  distinguished  from  forced  or  pressure  draught,  viz.  (hi 
volume  of  gases  that  have  to  bo  dealt  with.     With  forced  eta 
it  is  the  air  entering  the  furnace  which  is  at  the  ordinary  temperature 
of  the  atmosphere,  or  if  preheated,  at  whatever  temperature  ;> 
ho  heated  to,  that   has    to  pass  through  the  fan.     With    induced 
draught  the  gases  have  to  pass  through  the  fan  at  the  temporaturv 
at  which  they  are  delivered  to  the  chimney,  and  their  volume  ifl 
duo  to  that  temperature,  and  is  proportional  to  the  absolute  icrnpei 
ture.     At  600'  F.  their  volume  would  lie  approximately  double 
at  60*.  the  average  temperature  of  air  in  this  country.     This  ni< 
that  the  power  employed  for  driving  the  fan  will   be  increased.     Tlit 
power  will   not    be  doubled.      It  will  be  iucreased   approximately, 
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Fio.  41.—  Diagram  showing  the  course  of  Air  antl  Hot  Gues  in  a  L&iicaahirt 
Cornish  Builor,  with  induced  Druugbt  and  mi  Ecuuou. 


with  proper  arrangements,  about  50  per  cent.     If  the  air  supphod 
the  furnace  by  a  pressure  fan  is  raised  to  300°,  the  diflVn-n 
only  be  about  halt"  that.     But,  again,  if  the  hot  gases  are  reduced  to 
300°  1\,  the  power  for  the  fan  is  reduced  in  proportion. 

Another  point  that  must  be  borne  in  mind  in  connection  with 
fans  employed  for  induced  draught,  is  that  of  the  bearings.  AH 
parts  of  the  fan  will  necessarily  assume  a  temperature  closely 
approaching  that  of  the  gases  that  are  passing  through  it,  and  hence 
provision  must  be  made  for  lubricating  the  hearings  of  the  fan  at 
this  temperature.  This  is  not  a  difficult  matter,  but  it  is  one  of 
those  practical  [joints  that  must  he  attended  to. 

It  is  claimed  for  induced  draught,  that  it  is  a  more  convenient 
method  of  supplying  the  air  than  forced  draught,  because  it  does  no' 
tend  to  blow  holes  in  the  fuel,  and  the  air  should  bo  as  evenly 
tributed   through    the  fuel  on  the  furnace  grate  as  with  chimn 
draught.     Induced  draught  is,  in  fact,  the  same  as  chimney  dr 
Chimney  draught  is  really  induced  draught,  produced  by  a  chimney 
instead  of  bt  I  fan. 
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It  is  claimed  also  that  the  trouble  which  sometimes  antes  from 

(he  bol   gam  being  blown  oatw&rdfl  tlirough  the  furnace  doors,  or 

oillgS,  iQto  the  l>oiler-room  with  forced  draught,  is  abeent 

with  induced  draught     On  the  other  hand,  leakage  of  air.  which  is 

common  to  all  forms  of  draught,  is  all  inwards  with  induced  draught, 

and  with  chimney  draught;  but   this  merely  means  that  a  larger 

quantity  of  air  is  present  in  the  chimney  gases,  robbing  them  of  a 

n  of  the  heat  delivered   to  them,  and  thereby  reducing  the 

ncy  of  the  boiler  as  a  whole.     It  will   be  evident  that  with 

increased  pressure,  the  leakage  will  increase,  and  in  proportion  to 

-'(•reused  pressure,  and  an  allowance  must  be  made  for  this  in 

considering  the  question  of  the  provision  of  draught. 

Leakage,  it  will  be  remembered,  takes  place  between  the  bri 
employed  in  boiler  settings,  and  this  is  merely  a  matter  of  caro  in 
setting,  «>f  selection  of  bricks,  and  of  care  in  supervision  after  the 
brickwork  has  been  set.  It  is  stated  that  with  some  boiler  set: 
there  is  a  quite  appreciable  passage  of  leakage  air  tlirough  the  joint! 
and  the  brickwork,  into  the  side  flues  in  thecaseof  Lancashire  boiler*, 
and  into  the  furnace  and  combustion  chambers  in  the  case  of  water- 
tube  boilers. 

With  induced  draught,  the  fan  is  usually  placed  in  a  separate 
passage,  leading  from  the  end  of  the  boiler  flue,  or  the  eaooomizar 
chamber  to  the  clumncy,  the  ordinary  passage  being  closed  by  a 
damper  when  the  fan  is  working,  and  allowed  to  remain  open  if 
anything  luipnona  to  the  fan,  and  the  chimney  draught  has  to  be 
n-liteil  on. 


Induced  Draught  Combined  with   Heating  of  the 
Air  for  the  Furnace 

It  has  been  mentioned  on  p.  39,  in  connection  with  forced  draught, 

that  the  air  is  sometimes  heated  before  it  enters  the  furnace.     This 

dopted  in  connection  with  induced  draught.     In  par- 

i  .  Meeers,  John  Brown  &  Co.,  of  Sheffield,  have  worked  out>the 

Klli'  ami  Eaves  system  of  induced  draught  with  air  heating,  principally 

?  on  board  ship,  but  they  have  also  adapted  it  to  land  boilers. 

The  arrangement  for  use  on  board  ship  is  shown  in  section  in  FigB. 

42  and  43, one  of  which  is  across  section, and  the  other  a  Longitudinal 

section,  through  a  marine  boiler  of  the  ordinary  multitubular  type. 

The  air  heating  arrangement  is  fixed  in  the  front  of  the  Iwiler,  where, 

it  will  be  remembered,  the  uptake  for  the  hot  gases  leading  to  the 

funnel  is  fixed.     The  air-heating  arrangement  consists  of  a  number 

of  tubes  fixed  vertically,  as  shown,  in  the  uptake,  so  that  the  b 

gases  passing  to  the  funnel  are  obliged  to  pass  through  them,  and 
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air  to  be  heated  passes  around  the  tubes,  and  is  then  conducted 
o  the  stake-hold.     The  course  of  the  air  and  of  the  flue  gases,  is 
ihown  by  the  arrows  in  the  longitudinal  section.     The  fan  is  fixed 
-ve  the  boiler,  and  is  driven  by  its  own  engine  fixed  behind,  with 
ing  shaft,  the  bearings  of  the  fan  being  water  cooled.     For  land 
its  a  somewhat  similar  arrangement  is  made.     The  apparatus  has 
been  fixed  to  Babcock  and  Wilcox  boilers.     As  in  the  marine 
,  a  number  of  tubes  are  placed  vertically  above  the  boiler,  and 
in  the  path  of  the  hot  gases  on  their  way  to  the  chimney,  and  tli»; 
air  to  be  heated  passes  otsjr  the  outside  of  the  tubes,  and  is  (on- 
ducted    thence  by  means  of  pipes  provided  for  the  purpose,  to  the 
•ihpit.     As  will  lie   recognized,  this  arrangement  is  an  adaptation 
air  heating  of  the  principle  that  is  employed  for  heating  feed 
by  means  of  the  hot  gases  and  exhaust  steam.     It  will  l»e 
Hood,  of  course,  that  the  chimney  will  not  produce  as  great 
intensity  of  draught,  that  is  to  say,   as  high  a   water-ga 
len  any  air  or  water  heating  apparatus  is  interposed  between  m 
flor  and   the  chimney,  or  when  any  further  quantity  of  heat  is 
out  of  the  gases,  above  that  taken  out  in  the  boiler  itself;  but. 
ly  explained,  where  there  is  a  fan  draught,  this  docs  not 
and  the  loss  of  water-gauge  is  more  than  comjiensated  for 
the  economy  in  coal  produced  by  heating  the  air.     In  the  Ellis 
id  Eaves  system,  the  air  is  heated  to  about  300°  F.f  and  it  is  claimed 
tho  air  heating  and  fan  combined,  produce  an  economy  of  Ana 
to  15  per  cent,  iu  the  coal  consumed  in  the  furnace.     That  is 
say,  the  coal  saved  by  heating  the  air,  less  the  coal  required  to  be 
rued  to  make  the  steam  for  driving  the  fan  engine,  amounts  to 
»m  10  to  15  per  cent,  of  the  coal  consumed  with  chimney  draught. 


Forms  of  Fans  Employed  for  Mechanical 
Draught 

There  are  two  kinds  of  fans  made,  known  as  the  propeller  and 
centrifugal  fan.  Only  the  centrifugal  fan  is  of  any  use  for 
draught  to  boilers.     The  propeller  fan  is  merely  a  screw, 

i liar  in  construction,  though  smaller,  to  the  screw  of  a  steam  ship, 
id  it  screws  the  air  from  one  side  of  it  to  the  other,  just  as  the 
iter  is  screwed  from  one  side  of  the  propeller  to  the  other;  so  that, 
a  fan  of  the  kind  is  placed  in  a  partition,  such  as  the  outer  wall  of 
room,  when  revolved,  it  will  cause  a  passage  of  the  air  either  from 
ttside  into  the  room,  or  from  the  room  to  the  outside,  according  to 
ic  direction  in  which  it  is  turned. 

Its  blades,  or  areas,  are  really  sections  of  a  screw.  This  form  of 
i]  an  only  be  employed  where  the  pressure  required  ifl  verjf  small 
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indeed.     It  is  used   for  ventilating  buildings,  but  even    there 
where  the  system  of  ducts  is  so  arrange' I  that  the  tnul 
offered  to  the  passage  of   the  air  requires  the  expenditure  of  only 
a  small  fraction  of  an  inch  water-gauge  to  overcome  it.      At  the 
Birmingham  General  Hospital,  for  instance,  where  2,000,00ft 
feet  of  air  pass  through  the  building  per  minute,  the  y  m  only 

Jfj  inch  water-gauge,  nnd  a  number  of  large  fans  of  the  pro 
type  arc  able  to  deal  with  it. 

In  the  centrifugal  fan  the  air  is  carried  outwards  from  the  cen 
to  the  periphery  of  the  fan  by  centrifugal  action.  Centrifugal  Cam 
vary  very  much  in  construction,  but  all  are  on  certain  main  lines 
In  all  of  them  there  is  a  central  circular  aperture,  forming  the  inlet 
for  the  air,  and  a  number  of  blades,  usually  held  between  two  discs, 
and  a  number  of  openings  at  the  circumference.  As  the  fan  is 
revolved,  the  air  lying  between  the  blades  is  propelled  outwards  by 
centrifugal  force,  and  this  creates  a  difference  of  pressure  between 
the  inlet  aperture  and  each  of  the  outlets.  The  air  from  the  0 
atmosphere,  or  the  atmosphere  to  which  the  inlet  is  connected,  rushes 
into  the  spaco  whore  the  lowered  pressure  rules,  the  result  being  I 
continual  passage  of  air  through  the  fan.  The  outlets  to  the  fan  are 
arraugod  to  pass  in  front  of  a  chimney,  or  duct  of  some  kind,  at  a 
certain  period  of  the  revolution,  and  to  discharge  their  air  into  it 
In  some  forme  of  fan  the  chimney  or  duct  is  given  what  is  called  an 
ev&se*  form,  the  object  being  to  reduce  the  velocity  of  the  air  as  it 
loaves  the  fan. 

Strictly  speaking,  the  fans  for  forced  draught,  ami  for  induced 
draught,  should  be  differently  constructed,  but  in  practice  any  fan 
may  be  employed  for  either,  providing  that  it  will  furnish  the 
necessary  pressure,  and  accommodate  the  gases,  or  air,  that  has  to 
pass  through  it.  For  forced  draught  the  inlet  is  open  to  the  outside 
atmosphere,  the  outlet  or  duct  being  connected  either  to  the  stoke- 
hold, or  to  the  duct  leading  to  the  ashpits.  For  induced  draught 
the  inlet  is  connected  to  a  duct  leading  to  the  Ixiiler  flues,  and  Uw 
outlet  to  a  duct  leading  to  the  chimney. 


Sizes  of  Fan  required 

As  with  chimneys,  so  with  fans,  there  ore  two  requi 
The  fan  must  be  wide  enough,  in  a  direction  measured  at  ri^ht  angles 
to  the  radius,  to  accommodate  the  whole  of  the  air  or  gases  without 
throttling  them.  It  must  also  furnish  a  sufficient  pressure  to 
overcome  the  resistance  of  the  furnace,  boiler  Hues,  and  chimney. 

The  volume  of  air  or  gases  any  fun  will  accommodate,  depends 
directly  on  its  width.    The  pressure  the   fan  will  create  depends 
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directly  upon  the  square  of  the  speed  at  which  tU  Mack  ti\ 
travelling,  and  the  power  absorbed  in  moving  the  air  depends 
directly  upon  the  cube  of  the  speed  of  the  fan.  The  power  required  to 
move  a  given  quantity  of  air,  is  given  by  the  formula  \V=pXflXf, 
where  W  is  the  work  performed  in  moving  the  air,  p  is  the  pressure 
under  which  it  is  moved,  a  is  the  area  in  square  feet  over  which  it  is 
moved,  and  v  is  the  velocity  of  the  air  in  feet  per  second.  The 
formula  may  be  reduced  to  the  following : — 


W  = 


in  which  W,  as  before,  is  the  work  performed  in  moving  the  air  op 
gases,  d  is  the  density  compared  with  air  at  standard  pressure, 
n  is  the  area  in  square  feet  over  which  it  is  moved,  and  v  is  the 
velocity. 

From  this  it  will  be  seen  that  the  power  varies  as  the  cube  of 
the  velocity,  and  as  tho  velocity  of  the  air  depends  directly  upon  tho 
wlr.  iiy  of  the  fau,  the  power  required  depends  directly  upon  the  cube 
of  the  speed  of  the  fan. 

The  power  required  to  move  any  given  quantity  of  air,  with  any 
given  water,  is  given  by  the  formula. 

The  power  required  to  be  delivered  to  the  Ian  shaft,  in  order  to 
provide  the  given  velocity  of  air  with  the  given  pressure,  is  found  by 
equtinfi  the  power  found  from  the  lust  formula,  with  the  efficiency 
of  the  fan.  The  efficiency  of  the  fan  may  be  taken  as  40  to  50  per 
cent. 

Draught  by  means  of  Steam  Jets 

This  method  is  really  a  form  of  induced  draught,  and  it  operates 
cm  the  same  principle  as  the  injector.  It  has  various  forms,  but  in 
all  of  them  a  tube  is  inserted  in  the  aide  of  tho  boiler,  under  the 
grate  bars,  and  a  steam  pipe,  ending  in  a  nozzle,  is  fixed  centrally  in 
this  tube,  the  steam  passing  from  it  under  and  up  through  the  fire 
bars,  and  by  creating  a  difference  of  pressure  between  the  inner  end 
of  the  tube  and  the  outer  atmosphere,  drawing  the  air  after  it,  the 
air  passing  up  between  the  fire  bars,  through  the  fuel  and  so  on. 
Fig.  44  shows  the  form  of  Messrs.  Meldrum's  furnace  in  which 
draught  is  induced  by  steam  jets,  and  also  the  form  of  the  jet  and  air 
inl'-i.  It  is  arranged  that  the  steam  jet,  which  is  taken  from  the 
boiler,  is  superheated,  by  passing  through  a  pipe  above  the  furnace 
before  entering  the  nozzle.  It  is  claimed  that  the  steam  jet  keeps 
the  furnace  bars  cool  by  condensing  on  them  and  being  re-evaporated 
afterwards. 

There  is  the  usual  controversy  botween  advocates  of  steam-jet 
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draught,  and  fan  draught;  but,  as  usual, all  of  the  forms  are  app1 

to  certain  cases.     The  steam-jet  method  ha3  the  advantage  of  ]awm 


F(0,  44, — Longitudinal  Soctiuu  of  a  Lancashire  Boiler,  fitted  vrith  Me)  drum's  Firt 
Dors  and  their  Steam  Jet.    Tho  Steam  Jot  id  fixed  iucido  tho  Trumpet  thowu  h 
tho  Ash-pit,  tho  Stomn  being  taken  from  tho  Boiler  and  superheated  b 
passed  through  tuo  Tube  shown,  in  the  front  of  the  Furnace. 
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first  cost,  and  the  absence  of  moving  parts.     It  is  also  easily  applied 
to  existing  boilers. 

Messrs.  Grainger  make  an  adjustable  nozzle  for  steam-jet  draught. 


Boiler  Dampers 


Dampers  are  fitted  to  all  boiler  rlues,  to  enable  a  certain  control 
to  be  obtained  over  the  draught.  Even  where  forced,  or  induced 
draught  is  employed,  dampers  are  always  fixed.  They  are  virtually 
gaa  valves,  controlling  the  passage  of  the  hot  gases,  and  thence  the 
air  entering  the  boiler  furnaces,  and  consist  of  door9  arrant 
completely  till  up  the  flues  in  which  they  are  placed.  Their  p*- 
is  controlled  by  a  system  of  levers  and  chains  from  the  front  of  tho 
boiler,  operated  by  the  stoker.  Closing  the  dampers  prevents  all 
passage  of  the  hot  gases,  and  nearly  prevents  the  admission  of  air  to 
the  furnace.     If  there  were  no  air  leakage  it  would  do  so.     Partially 
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'  damper  An  Mi|»p1yof  air,  just  as  partially  closing 

a  steam  valve  throttles  the  passage  of  steam. 


Automatic   Damper  Regulators 

The  dampers  are  sometimes  controlled  automatically  by  the  pressure 
of  the  steam,  the  damper  being  partially  closed  when  the  steam 
pressure  rises,  and  opened  when  n  falls.  '  'ne  apparatus  designed  foi 
this  is  the  Patterson  hjdnuilic  damner  regulator,  made  at  Baltimore 
in  America.  The  apparatus  is  designed  to  work  the  damper  by  a 
hydraulic  motor,  which  moves  a  chain  up  and  down,  the  chain  passing 
over  pulleys  which  move  the  damper  up  and  down.  The  hydnnlio 
motor  is  operated  by  a  balance  controlled  by  a  small  steam  cylinder. 
t"  which  the  pressure  of  the  boiler  is  admitted,  a  steelyard  Enabling 
the  time  at  which  the  apparatus  comes  into  'operation  to  be  varied  at 
will.  As  the  steam  pressure  rises  or  falls,  the  admission  of  the  water 
pressure  to  the  hydraulic  cylinder  is  controlled,  and  the  damper 
ia  uncoil  up  aud  down. 


The  Lagonda  Damper  Regulator 


motion  of  the  damper  in  accordance  with  variations  of  the  steam 
^>ressure.  It  consists  of  a  steelyard,  on  which  a  balance  weight  in 
suspended,  the  position  of  which  can  be  varied,  according  to  the  will 
of  the  engineer,  the  steelyard  being  moved  up,  against  the  pull  of 
the   balance  weight,  by  the  pressure  of  water   upon  a  diaphragm 

§  enclosed  in  a  cylindrical  space.  The  entrance  of  water  into  the 
cylinder  containing  the  diaphragm  is  controlled  by  a  second  lever, 
with  a  balance  weight,  opposing  a  second  cylinder  with  a  diaphragm. 
The  pipe  leading  to  the  first  diaphragm  and  the  cylinder  oontau 
I  he  second  diaphragm  are  full  of  water  under  ordinary  conditions, 
and  the  pressure  of  the  water  maintains  the  damper  in  the  posit  ioil 
in  which  the  engineer  wishes  it  to  remain.  If  the  steam  pressure 
rises,  the  pressure  insido  the  first  diaphragm  is  increased,  and  the 
lever  to  which  it  is  attached,  moves  in  the  directum  for  closing  the 
damper.  On  the  other  hand,  if  the  steam  pressure  falls,  the  lowered 
pressure  is  made  to  allow  a  portion  of  the  water  to  run  out,  to  lower 
the  pressure  under  the  diaphragm  controlling  the  dam  ,  this 

causing  motion  in  the  direction  for  opening  the  damper.  There  is 
a  valve  in  connection  with  the  second  diaphragm,  which  controls  the 
admission  of  water  and  steam  in  accordance  with  the  requirements 
of  the  servkv. 
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Messrs.    Eraser  &  Chalmers   also  make  an   automata!)   damper 
regulator,  the  details  of  which  arc  shown  in  Fig.  45.     They  an 

similar  to    those  described 
(Locke's  Patenc.)  above,  the  hydraulic 

js.,.. _■■     ,-.--^-,,-je- 1      der  on  the  rij/ht  controlling 

j^  ®  Mi      tne  apparatus.     Water  n't 

a  pressure  of  20   lbs.  per 
square  inch  is  required. 


Boiler  Cleaners 

The  deposit    of   R 

matter   and    the    formation 
of    scale    upon    the    v 
surface  of  boilers,  has  beeu 
referred  to,  and  the  diflV 
devices  explained   for  pre- 
venting a  deposit.    In 
of  all  that  has  been  done 
in  that  direction,  someti 
owing  to  imperfect  attend- 
ance, and  from  other  ca 
it  is  found  that  scale  La  Btfll 
formed,  and  in  the  case  ol 
the    tubes    of    water -tube 
boilers,  the  matter  may  bo- 
come  very  serious,  as   the 
bore  of  the  tubes  is 
siderably   reduced,   and  in 
addition,   as    explained    so 
frequently,    the    resistance 
offered    to    the   passage  of 
heat  from  the  hot  gases  to 
the   water  is    considerablj 
increased.      To  meet   this, 
several  apparatus  have  been  designed  for  the  purpose  of  removing 
the  scale. 

The  Weinland  mechanical  boiler-tube  cleaner,  designed  specially 
for  water-tube  boilers,  has  a  head  shaped  very  much  like  a  screw 
point,  which  is  intended  to  bore  it*  way  into  the  scale,  and  behind 
the  head  ore  a  number  of  conical  steel  cutters,  gradually  inert- 
in  size,  and  increasing  the.  bore,  as  the  machine  moves  forward. 
Behind  the  conical  cutters  are  two  sets  of  cylindrical  cutters,  carried 
on  pins,  and  revolving  freely.     The  action  of  the  apparatus 


TlQ.  45.— Automatic  Hydraiilio  Damper  Regu- 
lator, made  by  Messrs.  Fraser  and  Chalmers. 
The  Hydraulic  Cylinder  is  shown  ou  tho 
right.  Regulation  is  effected  by  it,  in  con- 
coction with  the  Steel  Yard  shown  in  tho 
centre  and  the  Steam  Cylinder  on  the  left. 
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Turbine  Boiler-Tube  Cleaners 


much  like  that  of  a  milling  macliinc,  after  the  screw  hoad  lias  bored 
its  way  in,  the  cutters  being  practically  milling  tools,  arranged  to 
cut  the  scale  instead  of  metal.  The  apparatus  is  hold  at  the  end  of 
rod,  long  enough  to  allow  it  to  go  right  through  the  boiler  tube  to 
cleaned,  and  is  revolved  by  a  strap,  from  any  convenient  source 
of  power,  or  by  an  electric  motor.  For  curved  tubes,  such  as  those 
of  the  Stirling  and  other  boilers,  a  special  arrangement  is  made, 
enabling  the  cleaner  to  go  round  the  curves.  The  apparatus  is 
employed  for  cleaning  out  filter  tubes,  economizer  tubes,  feed-water 
heater  tubes,  and  in  fact  anywhere  that  deposit  may  form. 

The  self-acting  turbine  driven  pipe  olenuer  is  an  apparatus  well 
known  bo  water-woikB  Kmrinfwra,  una  very  much  employed  by  theiu 
for  cleaning  off  the  scale  that  forms  on  U10  inside  of  wat  It 

consists  of  a  small  turbine,  of  sufficient  size  to  drive  the-  cleaning 
apparatus,  carried  on  an  axle,  to  which  are  also  attached  usually  three 
(H  more  cutting  tools,  revolving  on  their  own  axes.  In  cleaning  the 
tubes  of  water  works,  the  force  of  the  water  current  is  made  to  drive 

apparatus  by  the  aid  of  the  turbine,  and  the  same  arrangement  is 
made  use  of  for  driving  turbine  boiler-tube  cleaners,  water  being 
supplied  from  any  convenient  source  for  the  purpose.  The  Weifilaiia 
turbine  boiler-tube  cleaner,  made  by  the  Lagonda  Manufacturing 
Company,  is  on  these  linos. 

A  steam  jet  is  a  very  favourite  device  for  cleaning  the  tubes  of 
water-tube  boilers,  the  steam  being  delivered  at  the  entrance  of  eacli 
tube  into  its  header  by  means  of  a  flexible  metallic  tube  and  a 
nozzle.  The  pressure  of  steam  breaks  up  the  deposit,  and  the  injector 
action  assists. 


Boiler  Fittings 


The  fittings  required  for  a  boiler  consist  of  a  stop  valve,  a  safety 
feed  pipe,  and  check  valve,  scum  pipe  and  oock,  and,  in 
addition,  gauge  cocks  and  steam-  and  water-gauges.  Gauge  cocks 
are  not  so  often  now  fitted  as  in  the  earlier  days  of  steam.  Where 
they  aro  used  there  arc  three — ono  in  the  water  space,  one  in  the 
statu    space,  and   oue  on   the  level   where  water  and  steam  should 

ue  together.  When  tho  lower  one  is  turned  on,  water  issues; 
when  the  upper  one  is  opened,  steam  issues;  and  when  the  middle 
one,  water  and  steam.  Gauge  cocks  are  only  intended  to  be  usod 
when  the  proper  gauges  are  not  working.  The  proper  waU'i-^au^o 
has  two  cocks,  one  fixed  in  the  water  Bp&OO  and  the  other  in  the 
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nteam  space,  with  a  substantial  glass  tube  connecting  them,  the  lul 
being  protected  by  brass  fittings,  in  modem  practice.     Wli 
few  i  cocks  are  opeu,  the  position  of  the  water  in  the  gauge  ( i 
wil  h  that  in  the  boiler.     The  water-gauge  is  drained  by  a  small  pipe. 

^  In  addition,  a  steam-gauge  is  always  fixed  on  the  front  ol 
boiler.     It  consists  of  a  shallow  cylindrical  case,  with  a  glam  from 
and  a  dial  liehiud  the  glass,  over  which  a  needle  pointer  su 
Tin1  pointer  Ifl  pivoted  at  its  centre  in  the  usual  way,  and  ifl  mown! 
by  a  toothed  wheel,  gearing  into  a  rack,  forming  a  sector  of  ft  cd 
and  attached   to  the  end   of  a  small   metal    tube,  the  other  end  1/ 
which  is  connected  by  a  pipe  to  the  steam  space,  whoso  preBSUN 
to  l>e  gauged.     The  motion  of  the  pointer  is  resisted  by  a  spiral 
spring,  coiled  round  the  pivot  upon  which  the  pointer  moves. 


- 


Fia,  4C— A  complete  Steam  Gauge,  with 
Dial  and  Ncodlo. 


Fio.  47.— The  Steam  Gauge  shown 
Fig.  16,  with  Dial  removed,  ob< 
the  Tube  upon  which  the  St 
ac.U  find  the  Gearing  giving  mol 
to  the  Poiultr. 


heat  delivered  to  the  pipe  l»y  the  steam  causes  it  to  expand,  and 
free  end  turns  the  pointer  round,  in  opposition  to  the  spring  men- 
tioned, the  dial  bring  graduated  in  accordance.  It  is  usual  in  steam 
boilers  to  mark  the  positions  on  the  dial  of  safe-working  steam 
pressure.  Figs.  4G  and  47  show  one  form  of  steam-gauge,  and 
48  shows  a  Lancashire  boiler  with  all  fittings. 


Safety  Valves 

The  safety  valve  has  Income  almost  a  proverb.  It  ifl  an  absolute 
necessity  in  the  case  of  all  steam  work,  ami  by  Board  of  Trade  n_i  - 
lations  u  obliged  to  be  fixed  npon  all  boilers.     The  object  of  the 
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mentioned,  but  it  can  and  does  provide  for  accidental  accumula- 
tion of  steam,  and  therefore  the  increase  of  pressure  beyond  &  safe 
limit.  Safety  valves  are  arranged  to  open,  and  to  allow  the  steam 
to  escape,  if  the  pressure  rises  above  a  certain  fixed  point,  for  which 
the  valve  is  set. 

There  are  three  forms  of  Bafoty  valves  on  the  market,  that  may 
be  described  as  lever  valves,  spring  valves,  and  dead- weight  vali 

The  earliest  form  of  tho  safety  valve  was  the  lover  valve.    Tho  valve 
itself  may  be  of  any  one  of  the  well-known  types  of  valves,  the  m 
portion  of  which  is  controlled  by  a  vertical  rod,  attached  to  a  lever 

of  the  second  order,  the  lever 
having  a  movable  weight  upon 
its  arm.  The  position  of  the 
weight  rules  tho  pressure  of 
Kteain  at  which  the  valve  will 
oj»en,  and  the  weight  itself  i* 
proportional  to  tho  difli 
between  the  arms  of  the  lever. 
Thusf  if  tho  safety  valve  has 
;  ii  area  of  2  square  inches, 
and  tho  rod  controlling  ill 
motion , is  2  inches  bom  the 
fulcrum,  while  tho  weight  ia 
12  inches  from  the  fulcrum, 
if  the  valve  is  required  to  open 
with,  say,  a  pressure  of  80  His. 
per  square  inch,  the  v 

must  equal  ***L*J?  =  23*3  lbs., 

say  24  lbs.,  aud  the  pressure 
at  which  the  valve  opens  can 
be  increased  or  decreasud  by 
sliding  the  weight  along 
rod. 

In  spring  valve9,  a  spi 
spring  takes  the  place  of  the  lever  and  weight  described  in  the  last 
form.  The  tension  of  the  spring  can  be  regulated  by  a  nut  above  it 
in  the  usual  way,  and  the  pressure  of  steam  at  which  the  valve  opens 
is  regulated  by  the  position  of  the  nut. 

In  the  dead-weight  valve,  which  is  gradually  coming  into  general 
use,  the  vertical  member  controlling  the  opening  of  the  valve  has  a 
horizontal  collar  over  which  are  slipped  rings,  forming  the  weight 
required.     Steam   passes  up  through  the  central  opening,  and 
the  pressure  exceeds  that  for  which  the  valve  is  set,  it  lifts 
whole  tiling  Iwxlily. 


Fio.  49,— Section 


>l  K&\i-h'  Dcad-neight  Safety 
Vftlvo, 


trai 
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In  Eaves1  dead-weight  safety  valve,  whiofa  is  made  by  Messrs. 
'"lin  Brown  and  Co.,  and  which  is  shown  in  Fig.  49,  the  action  is 
(I.  The  valve  itelf,  it  will  be  seen,  is  a  spherical  ball,  and 
when  the  pressure  in  the  boiler  exceeds  that  for  which  the  valve  is 
0  ii  aide  portion  lifts,  ami  allows  tlie  steam  to  escape  bj 
the  side  passages,  If  Llio  steam  does  not  immediately  go  down,  a 
farther  action  takes  place,  the  central  portion  lifting,  and  allowing 
iber  escape  of  steam. 


Atmospheric  Relief  Valve 


The  atmospheric  relief  valve  is  not  much  heard  of  now,  but  it 
was  of  considerable  importance  in  the  early  days  of  steam  work.  If 
a  boiler  was  allowed  to  become  cold,  its  furnaces  to  go  out,  and  its 
steam  to  condense,  it  happened  in  the  early  days  of  steam  that  at 

I  times  (b''  pressure  of  the  atmosphere  was  greater  than  the  pressure 
[aside  tlie  boiler,  the  result  being  that  portions  of  the  boiler  were 
forced  inwards.  To  meet  this  the  early  boilers  were  fitted  with 
atmospheric  valves,  which  opened  inwards,  in  the  same  manner  as 
the  safety  valve  opens  outwards,  admitting  air,  and  equalizing  bhe 
pressure  within  and  without  the  boiler.  The  increased  pressures 
[ployed,   and   the  consequently    increased    tensile  strength   of   the 

I  materials  of  whioh  boilers  are  composed  has  rendered  the  atmospheric 
valve  unnecessary. 
n 


High  and  Low  Water  Safety  Apparatus 


In  addition  to  the  ordinary  safety  valve,  relieving  the  pressure 
>n  the  boiler  when  it  exceeds  a  certain  figure,  the  modern  boiler  is 
further  protected  by  apparatus  designed,  in  some  cases,  to  sound  an 
alarm  whistle  if  the  level  of  the  water  is  too  high  or  too  low  in  the 
boiler,  and  in  other  cases  to  open  a  safety  valve,  sometimes  arranged 
specially  for  the  purpose,  and  sometimes  forming  the  ordinary  safety 
valve  of  the  boiler.  The  arrangement  is  shown  in  Fig.  00,  from 
which  it  will  be  seen  that  there  are  two  floats,  suspended  from  opposite 
arms  of  a  lever— one  the  low-water  float,  and  the  other  the  high- water 
float.  The  high-water  float  is  always  out  of  the  water,  except  when 
it  ri^e-s  above  a  certain  depth.  The  low-water  float  is  always  in  the 
Water,  and  its  weight  is  always  taken  by  the  water,  except  when  tho 
falls  to  a  certain  depth.  In  that  case  tlie  low-water  float 
commences  to  bring  weight  upon  its  end  of  the  lever,  and  if  tho 
continues  to  fall,  it  either  blows  the  whistle,  or  opens  the 
allowing  -team  to  escape.     It  will  be  understood  that  there 
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is  great  danger  in  allowing  a  boiler  to  run  dry,  while   it  is  still 
making  steam. 


T'Lt       fLOAT 


Fig.  50.— Section  of  High-steam  Pressure,  and  Low-Water  Safety  Valve  fitted  to  a 
Lancashire  Boiler,  as  made  by  Messrs.  Alloy  and  MuLellan. 


Combined  Stop  and  Safety  Valve 


For  economy  it  is  sometimes  arranged  to  combine  the  safety  i 
and  the  stop  valve  in  ona     It  ia  opened  by  hand  in  the  usual  u  iy 
and  opens  with  an  excess  pressure  of  steam. 

Stop  valves  are  described  on  p.  2o4.     Tin'  slop  v.  <1  for 

disconnecting  a  boiler  from  service  is  of  the  same  form,  etc.,  as  tl 
used  for  connecting  and  disconnecting  an  engine. 


Heating;  the  Feed  Water  for  the  Boilers 

It  has  been  pointed  out  in  the  previous  chapter  that  i 
advantageous  to  heat  the  feed  water  entering  the  boiler  to  aa  nearly 
the  temperature  of  the  water  from  which  steam  is  beiug  produced  as 
possible,  because  of  the  effect  upon  the  circulation.  It  has  also  been 
pointed  out  that  there  is  a  considerable  waste  in  the  hot  gases  when 
delivered  to  the  chimney  at  600°  F.,  and  that  while  600°  F.,  or  there- 
abouts, is  the  limit  at  which  increased  draught  is  obtained,  there  is 
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'ic.  61.— Elevation  of  Green's  Economizer,  with  part  of  the  Brickwork  removed,  to 

•how  the  Tabes. 
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very  little  difference  between  the  drought  obtained  at  300 "  F.,  anil 
that  at  000°  F.     In  connection  with  this,  however,  the  hot  of  du 
variation  in  the  temperature  of  the  outside  air,  and  its  effect 
the  intensity  of  the  draught,  with  any  given  temperature  of  fuel  gases 
in  the  chimney,  must  not  be  lost  sight  of,  and  therefore  it  is  no: 
if  chimney  draught  is  depended  upon,  to  reduce  the  temperature  of 

the  chimney  gases  belov 
400°  F.  This,  however, 
leaves  200°  F.  under  ordi- 
nary working  conditions, 
thai,  may  he  usefully  em- 
ployed, and  in  a  preat 
many  cases  whare  fur- 
nace gases  arrive  at  the 
chimney  at  a  much  hij 
temperature  than  60' 
it  leaves  a  very  muclx 
wider  margin. 


Economizers 

This  margin  of  iein[ 
rature  is  nUMM  D0B  of 
heat  the  feed  water  in  an 
apparatus  known  as  an 
economizer,  on  its  wn  to 
the  boiler,  the  usual  ar- 
rangement, of  whirl i  [In.  1 1' 
are  several  variations, 
being  as  follows.  Then 
are  a  number  of  iron  tubes 
fixed  vertically,  aa  shown 
in  Figs.  51,  52,  an 
in  a  brick  chamber  built 
for  them  at  the  back  of 
the  boilers,  the  I  luunber 
being  so  arranged  that 
the  flue  gases  can  be  obliged  to  pass  through  it,  or  can  be  allowed 
to  pass  by  a  Hue  avoiding  the  economizer,  or  bye-pass,  directly  to  the 
chimuey,  as  shown  in  Fig.  54.  The  water  to  bo  heated  is  made  to 
circulate  through  the  vertical  pipes,  and  the  hot  gases  are  made  to  pass 
over  the  outside  of  the  pipes,  delivering  their  heat  to  them.  Two  diffi- 
culties arise  in  connection  with  this  arrangement :  the  hot  gases,  as 
are  cooled  by  delivering  up  their  heat  to  the  economizer  tubes,  dei 
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Fjo.  53. — Transverse  Section  of  Green's  Econo- 
mizer, showing  the  Tubes  and  enclosing  Brick- 
work. 
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le  Gnely  divided  carbon  known  as  soot,  and  which  is  usually  deposited 
as  a  lining  to  the  chimney,  upon  the  outside  surface  of  the  tubes, 
rbon  in  the  finely  divided  state  is  a  very  poor  conductor  of  heat, 
for  the  reason  that  has  been  explained  in  an  earlier  portion  of  the 
book,  that  there  are  a  number  of  small  air  spaces  between  the 
particles  of  carbon,  which  offer  a  very  high  resistance  to  the  paM 

I  of  heat  currents.     Hence,  unless  the  deposit  of  soot  is  periodically 
removed  from  tin-  pipes,  the  efficiency  of  the  economizer  and  the 
delivered  to  the  feed  water  would  very  speedily  be  reduced. 
conipliftfa  ibis,  all  economizers  have  scrapers  provided  on  the 


i  ! 

r 


-- 

Fio.  54. — Plan   of  tfaroo  Lancashire  Boilers,  with  Greco's  Economixcrs,  in  thrca 
groups  of  Tubos,  together  with  the  ChioxDoy  and  the  Bye-pass,  or  Rosorvo  Fluo. 


outside  of  the  tubes,  one  form  of  which  is  shown  in  Fig.  55,  and  the 
scrapers  are  kept  continually  moving  up  and  down  the  surface  of 
the  tubes,  constantly  removing  the  deposit  of  soot,  and  ensuring  that 
the  hot  gases  have  free  access  to  the  metal  surface,  the  soot  falling 
to  the  bottom  of  the  economizer  pit,  or,  in  some  forma  of  economizer, 
into  a  box  provided  for  it,  and  being  removed  periodically.  The 
scrapers  for  the  whole  of  the  tubes  in  an  economizer  are  worked  by 
chains  or  rods  actuated  by  gearing  fixed  above  the  tubes,  as  shown 
in  Fig.  51,  the  gearing  being  driven  by  a  small  engine  fixed  for  the 
purpose,  or  by  an  electric  motor,  the  latter  being  a  favourite  plan  in 
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electricity  generating  works,  or -wherever  there  is  an  electricity  supply 
on  the  ground.  The  other  trouble  is  the  deposit  of  the  Sah- 
ara carried  in  the  feed  water,  on  the  inside  of  the 
tubes.  This  is  provided  For  usually  by  reinovin; 
the  salts,  by  means  of  water  softeners,  or  other 
methods,  before  the  water  enters  the  economizer. 
If  the  salts  are  not  removed,  a  crust  will  be  farmed 
on  the  inside  of  the  tubes,  similar  to  that  which  is 
formed  on  the  water  surface  of  boilers,  that  must  be 
removed  from  time  to  time,  by  special  appliances. 

Green's  Economizer. — In  Green's  economizer. 
which  is  the  best  known,  and  which  is  shown  m 
Figs.   51   to   54,  the  tubes  are   all   mode   to  one 
standard,  9  feet  in  length,  and  4^  inches  internal 
diameter.     The  tubes  are  built  into  sections,  and 
the  sections    built   into  batteries,  according   to  thfl 
quantity  of  water  that  the  economizer  is  to  deal 
with,  sixteen  tubes  being  the  unit.     The  capacity  of 
each  tube  is  6  j  gallons,  and  it  is  recommended  by 
Messrs.  Green  that  the  whole  of  the  tubes  should 
be  emptied  every  hour;  or,  to  put  it  in  another  W»J, 
that  the  velocity  of  the  water  through  the  tubes 
should  be  at  the  rate  of  6]  gallons  per  hour,  DC 
about  j1,,  of  a  gallon  per  minute.     This  rule  enables 
the  size  of  the  economizer  required  to  deal  with  the 
water  evaporated  by  any  boiler,  or  battery  of  boilers, 
to  be  easily  estimated,  by  the  following  formula 


Fia.  65.  —  Eleva- 
tion aiid  I1!. in 
of  the  Scropora 
employed  by 
iMRt  Green 
on  their  F.cono- 
uiiaers.  The 
Scrapers  fit 
closely  on  tho 
outside  of  the 
Tubes,  and  ara 
kept  continu- 
ally moving  up 
and  do  wu  .so  rop- 
ing oil  the  Soot. 


N  =  W  x  6J 


where  N  is  the  number  of  tubes  required,  and  W  is  the  number  of 
gallons  of  water  per  hour  evaporated  by  the  boiler,  or  battery  of 
boilers. 

In  Messrs.  Carter's  economizers,  the  tubes  are  made  in  a  special 
form.  Two  tubes  of  a  special  section  are  cast  in  one,  with  a  ooa- 
necting  passage  at  the  bottom,  and  an  opening  at  the  top,  for 
connection  to  the  box. 

In  the  Green's  economizer,  the  tubes  forming  a  section  are  forced 
by  hydraulic  pressure  into  the  top  and  bottom  *'  boxes,"  which  are 
tubular  castings,  having  connecting  pieces,  for  the  entrance  of 
tubes. 

In  all  forms  of  economizers,  the  rule  which  applies  to  all  cases 
this  kind,  where  it  can  be  adhered  to,  is  adopted,  viz.  the  flue 
and  the  water  to  be  heated  pass  through  the  apparatus  in  opposite 
directions,  the  hottest  water  meeting  the  hottest  gases,  and   the 
coldest  water  meeting  the   coldest  gases.     The   water  enters 


z 
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tomlzer  al  the  end  where  the  flue  gases  pass  to  the  chimney,  after 
ig  given  up  a  large  portion  of  their  heat  to  the  water  in  the 
s,  and  the  water  leaving  the  economizer  at  the  point  where  the 
ne  gises  coming  directly  from  the  boiler,  enter  the  chimney  in 
bich  the  tubes  are  fiied. 

There  appears  to  be  a  difference  of  opinion  between  the  makers 
economizers  as  to  the  advantage  of  keeping  the  water  in  the  tubes 

circulation.  Messrs.  Carter  have  designed  their  special  form  of 
vpuatus  distinctly  with  the  object  of  keeping  the  water  in  circula- 
M;  and,  in  addition,  it  is  made  to  run  in  a  thin  stream  over 
thin  metal  surface,  on  the  opposite  side  of  which  are  the  flames 
the  hot  Hue  gases.  Messrs.  Green,  on  the  other  hand,  state  that 
iy  have  gone  very  carefully  into  this  matter,  and  that  they  do 
t  find  any  advantage  from  keeping  the  water  in  circulation.  It 
raid  be  mentioned  that  the  water  is  maintained  in  circulation 
uugh  the  economizers  by  the  feed  pump,  but.  as  the  author  under- 
Jids  it,  Messrs.  Carter  provide  on  additional  circulation,  within 
;  economizer  itself,  and  break  up  the  mass  of  water  very  much 
ire  than  Messrs.  Green  do.  In  Messrs.  Green's  apparatus,  each 
«  contains  a  cylindrical  column  of  water  of  about  4£  inches  in 
meter,  while  in  Messrs.  Carter's  the  water  is  only  in  a  very  thin 
earn. 

In  all  forms  of  economizer  it  is  now  usual  to  take  out  about  300° 
Jie  heat  of  the  rluo  gases,  leaving  300°  to  350g  for  the  working  of 

chimney.  As  explained  in  connection  with  forced  draught,  it 
uld  be  possible  to  considerably  reduce  this,  if  the  heat  could  be 
Domically  employed,  and  improvement  would  appear  to  be  in  the 
«tion  of  a  larger  absorption  of  the  heat  of  Hue  #asee,  where 
Domizeis  are  employed,  and  the  employment  of  a  smaller  numlter 
ubee. 

A  point  that  should  be  noted  in  connection  with  economizers  in 
in  by  Messrs.  Green.  Their  economizer  should  never  be  supplied 
h  water  at  a  lower  temperature  than  00°  F.  As  will  be  seen 
■r,  the  difficulty  is  easily  overcome  by  interposing  a  steam  feed- 
er heater  in  the  path  of  the  feed  water  on  its  way  From  the 
ply  to  the  economizer.  Where  this  cannot  be  arranged,  Messrs. 
«n  provide  a  modification  of  their  apparatus  in  which  the  wtttej 
pring  the  economizer  is  heated  by  a  small  quantity  of  water  from 
hottest  water  of  the  economizer  itself. 
The  objection  to  supplying  the  economizer  with   feed   water  at 

than  90°,  is,  condensation  of  the  steam  that  is  present  in  the 
gases,  and  of  the  gases  themselves,  take  place  if  water  below  this 
iture  is  allowed  to  enter  the  tubes. 
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Heating  Air  and  Water  by  Economizers 

It  was  mentioned  in  connection  with  the  Ellis  and  Eaves  system 
<>f  forced  drought,  that  air  for  the  boiler  furnaces  is  heated  * 
Hue  gases.     In  a  modification  of  the  economizer  by  Messrs.  Green, 
it  is  arranged  to  heat  air  and  water  from  the  same  set  of  gases  on 
their  way  to  the  boiler.     Two  economizers  are  interposed  be 
the  backs  of  the  boilers  and  the  chimney,  one  for  heating  the  WBttr, 
and  the  other  for  heating  the  air.    There  is  a  reserve  floe,  or  bye 
at  the  back  of  the  two  economizers,  leading  directly  from  the  main  duo 
at  the  back  of  the  boiler  to  the  chimney,  that  can  be  employed  wheu 
the  economizers  are  not  in  use.    The  two  economizers  are  very  similar 
in  construction,  but  water  passes  through  the  tubes  of  one,  and  air 
through  those  of  the  other,  the  hot  gases  passing  on  the  outside  of 
both  sets  of  tubes  in  succession,  the  water  heater  receiving  U 
gases  first,  and  they  then  passing  to  the  air  heater.     A  fan  drawi  the 
air  through  the  economizer  tubes  and  delivers  it  to  the  ashpit  or  the 
stoke-hold.     The  air  can  Ije  heated  to  any  desired  temperature,  accord- 
ing to  the  quantity  of  heat  that  can  be  abstracted  from  the  hot  gases, 
but  in  Messrs.  Green's  practice  it  appears  to  be  U3ual  not  to  heat  tlie 
air  more  than  2003.    It  must  l>e  remembered  that  if  air  and  water  are 
heated  by  economizt'rs,  unless  a  larger  quantity  of  heat  is  abstracted 
from  the  Hue  gases,  the  temperature  to  which  the  water  is  raised 
must  be  less  than  that  to  which  it  would   Ite  if  air  heating  was  not 
resorted  to  as  well,  and  as  in  other  cases,  it  becomes  a  question  as  to 
which  is  most  economical.     Fifty-five  cubic  feet  of  air  can  lum  iU 
temperature  raised  100°  for  LOO  heat  units,  while  only  1  lb.  of  water 
will  have  its  temperature  roised  the  same  number  of  degrees  for  the 
same  number  of  heat  units.     The  problem  is  rather  a  practical  one, 
atad  has  to  be  worked  out  in  each  case. 

Certain  care  is  necessary  in  using  economizers.  In  frosty  weather, 
for  instunce,  if  the  economizer  is  in  an  exposed  position,  where  the 
cold  will  penetrate  to  the  tubes,  they  should  not  be  left  full  of  water 
when-  they  are  not  in  use,  as  otherwise  the  tubes  will  be  cracked  by 
the  expanding  ice  in  the  process  of  formation. 

Dampers  are  provided  at  each  end  of  the  lye  pass,  and  at  each 
end  of  the  economises  enabling  the  economises  to  be  shut  ofY 
required,  and  they  should  be  shut  off  when  steam  is  not  being  taken 
from  the  boilers,  and  when  steam  is  being  got  up,  say  at  the  beginning 
of  a  working  day.  Messrs.  Green  recommend  that  the  draught  of 
the  boilers  should  be  regulated  by  the  main  damper  at  the  outlet  end 
of  the  economizer,  when  economizers  are  employed,  and  not  I 
boiler  damper,  and  that  the  outlet  valve  between  the  economizer  and 
the  boilers  should  not  be  closed  when  raising  steam,  nor  during  the 
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[lit.  01  at  meal  limes,  and  that  the  boilers  should  be  fed  constantly, 
tiler  feed  valves  being  kept  open,  and  tho  feed  being  regulated 
ialet  valve  of  the  economizer.     They  also  recommend  that 
cold  air  should  on  no  account  be  allowed  to  enter  the  economizer 
iber.     Unfortunately,  as  mentioned  in  connection  with  draught. 
leakage  is  only  too  common  through   the  brickwork  of  boiler 
tea.  and  it  is  only  probable  that  the  same  thing  will  apply  to  the 
i  rick  work  of  the  economizer  chambers.     If  air  leakage  does  occur, 
will  lower   the    efficiency  of  the  economizer   by   lowering   the 
iperature  to  which  the  feed  water  or  the  air  is  raised,  because 
the  leakage  air  passing  into  the  economizer  chamber  will  rob  the  flue 
of  a  portion  of  the  heat  that  would  otherwise  pass  to  the 
momizer  tubeSj  the  air  being  itself  raised  to  tho  temperature  of 
le  flue  gases,  and  there  being  that  much  less  heat,  available  for 
iting  the  feed  water,  or  the  air  for  the  boiler  furnace.     -Remember- 
again,  that  55  cubic  feet  uf  air  raised  100°  in  temperature,  robs 
flue  gases  of  100  heat  units,  and  that  it  is  quite  possible  to  have 
good  many  lots  of  55  cubic  feet  entering  the  economizer  chamber 
>ugh  cracks  in  the  brickwork  and  imperfect  mortaring,  etc.,  ami 
will  not  be  difficult  to  see  how  easily  losses  can  arise. 


Steam  Feed- Water  Heaters 

The  apparatus  to  be  described  here  are  known  geuerically  as  feed- 
water  heaters,  but  the  author  prefers  to  call  them  steam  feed-water 
iters,  in  order  to  distinguish  them  from  the  economizer,  which,  it 
be  seen,  is  also  a  feed-water  heater.     There  are  two  types  of 
im  feed-water  heater,  the  enclosed  and  the  open  type. 


The  Enclosed  Steam  Feed -Water  Heaters 

The  arrangement  of  the  enclosed  type  of  feed-water  heater  is  very 

ilar  to  that  of  the  economizer,  but  very  much  smaller,  and  steam 

used  in  the  place  of  the  hot  gases.     The  apparatus  consists  usually 

a  cylinder,  or  in  some  cases  of  a  rectangular  box,  with  a  number  of 

[bes  held   between  tube  plates  inside,  and  a  space  at  each  end. 

iere  is  a  space  all  round  the  tubes,  and  also  between  them.     The 

arrangement  of  feed-water  heaters  varies.     In  the  majority  of  cases 

le  water  to  he  heated  passes  through  the   tubes,  while  the  steam 

.1  19  to  heat  it  passes  through  tho  space  surrounding  them.     In 

une  eases  the  reverse  arrangement  rules,  the  steam  passing  in  the 

1  bes,  and  the  water  passing  on  the  outside.     Exhaust  steam  from 

the  engines  or  turbines  is  somelimes  employed  for  heating  the  feed 
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water,  either  on  its  way  to  the  condenser,  or  to  the  atmosphere,  but 
more  commonly  that  from  steam  pumps  or  other  auxiliaries.  It 
is  a  disputed  question  whether  the  exhaust  steam  from  condensing 
engines  should  be  employed  for  heating  the  feed  water,  the  objection 
being  that  the  steam  will  be  throttled  and  a  back  pressure  Bet  up  ia 
the  steam  cylinder  or  the  turbine.  Messrs.  Royle  of  Irlam,  and 
other  firms,  recommend  that  feed-water  heaters  should  be  employed 
lietween  the  low-pressure  cylinder  and  the  condenser,  and  they  claim 
that  no  back  pressure  will  be  produced,  providing  that  the  steam-way 
is  sufficiently  large ;  and  in  their  apparatus  they  state  that  the  area 
of  the  steam  passages  within  the  heater  U 
several  times  that  of  the  steam  pipe. 

Live  steam  from  the  boiler  is  dao 
frequently  employed  where  exhaust  steam 
is  not  available,  as  it  is  found  that,  thougb 
additional  coal  must  be  burned  to  furnish 
Lhe  steam  required  to  heat  the  feed  water, 
and  it  looks  as  though  it  should  be  more 
economical    to   burn    the   ooa]   10  heat 


FlO.  56.— The  Kiblet  Steam- 
feed  Water  Heater.  Tha 
Water  passes  through  the 
Tubes  and  the  Steam  on 
the  outside, 


Fin.  67.— Tho  Hardvrick  St#am- 
feod  Water  Heater.  The  Water 
passes  through  the  Tubes 
shown. 


water  directly  in  the  boiler  itself,  the  losses  arising  from  defect**! 
circulation,  if  cold  feed  water  is  pumped  into  the  toiler,  are  ao 
that  the  economy  is  on  the  side  of  the  live  steam  heater. 
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In   addition,  where  high   boiler  pressures  are  employed,  us  from 
150  to  200  lbs.  per  square  inch,  and  the  engines  or  turbines  are 


Fig.  69. — Vertical  Transverse  Section 
of  Messrs.  Royle's  FBed-wutcr 
Heater,  showing  tbo  specially 
formed  Tubes  employed. 


worked  to  the  best  advantage  expansively,  the  exhaust  steam  has  not 
sufficient  heat  remaining  in  il  to  raise  the  temperature  of  the  feed 
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water  to  that  of  the  water  in  the  boiler.  Thus,  according  to  Messrs. 
Holden  &  Brooke's  experience,  with  a  boiler  pressure  of  ISO  lbs., 
while  the  temperature  of  the  water  in  the  boiler  is  365 ;  ¥.,  tbe 
temperature  of  the  feed  water  heated  by  the  exhaust  steam  is  only 
180°,  and  in  these  eases  if  only  feed-water  heaters  are  employed  live 
steam  must  be  used.  If,  however,  economizers  are  employed,  it  will 
be  evident  that  the  feed-water  heater  is  a  useful  auxiliary  to  the 
economizer,  raising  the  temperature  of  the  water  considerably  above 
the  minimum  temperature  at  which  it  should  enter  the  economizer. 

Some  forms  of  feed -water  heaters  are  shown  in  Figs.  56  t'> 
The  arrangement  of  the  tubes  in  the  feed-water  heaters  are  vw 
Vertical  tubes  arc  very  much  in  favour,  as  shown   in  Figs.  56  and 
57,  but  horizontal  coils  of  tubes  are  also  employed,  and  are  made  1  >y 
the  National  Pipe  Bending  Company  of  Xewhaven,  Connecticut 

The  tubes  also  are  various  in  form.  The  "Row"  tube,  made  by 
Messrs.  Boyle  of  Irlom,  Manchester,  is  shown  in  Pigs.  58  and  59. 
As  will  be  seen,  it  is  an  ordinary  tube  indented  at  equal  distances 
throughout  its  length,  alternate  indentations  being  at  right  angles  to 
each  other,  and  each  indentation  being  the  same  on  opposite  sides  of 
the  tubes.  The  indentations  produce  a  very  flexible  tube,  and  it  El 
claimed  by  Messrs.  Boyle  that  the  surface  over  which  the  water  posses 
being  larger,  the  transmission  of  heat  from  the  steam  to  the  water  is 
more  rapid  with  their  tube  than  with  the  ordinary  vertical  or  coiled 
tube. 

Another  form  of  tube  for  feed-water  heaters  is  the  Wainwright 
corrugated  tube,  made  by  the  Alberger  Condenser  Company  o! 
York.  In  Fig.  GO  is  given  heat-absorption  curves  with  plain  1 
and  Wuinright  corrugated  tubes,  showing  the  claims  made  by  the 
Alberger  Company  on  its  behalf.  Messrs.  Holden  &  Brooke  makfi  I 
special  form  of  feed-water  heater  for  use  with  live  steam.  It  is  Blums 
in  section  in  Fig.  61,  and  the  special  feature  is  a  system  of  con- 
centric tubes  arranged  so  that  the  feed  water  passing  through  die 
apparatus  has  to  flow  in  a  very  thin  stream  through  the  annular  space 
between  the  concentric  tubes,  steam  being  present  on  each  side  of  the 
annular  space.  From  the  figure  it  will  be  seen  that  there  is  the 
usual  cylindrical  main  body  with  two  sets  of  tube  plates,  the  longer 
tubes  being  held  by  the  top  and  bottom  plates  and  the  shorter  tubes 
by  the  intermediate  plates.  There  is  also  a  diaphragm  between  the 
two  lowur  tube  plates.  As  will  be  seen  from  the  drawing,  the  water 
00101*3  by  the  inlet  on  the  right,  and  is  obliged  to  pass  up  through 
the  annular  spaces  shown,  down  again  through  the  annular  space  in 
another  set  of  tubes,  and  so  on,  passing  out  by  the  outlet  on  the  left, 
after  having  flowed  through  all  the  spaces  between  the  concentric 
tubes.  It  will  he  seen  also  that  there  is  only  a  live  steam  inlet  but 
no  outlet,  the  fidl  latent  heat  being  taken  out  of  the  steam,  and  it 
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being  condensed  after  it  has  done  its  work,  the  condensed  water 
being  allowed  to  flow  away  by  the  drain  at  the  bottom. 

The  feed-water  heater  acts  to  a  certain  extent  as  a  purifier  for  the 
feed  water,  inasmuch  as  a  certain  portion  of  the  substances  that  are 
held  in  suspension  in  the  feed  water  are  thrown  down  when  the  water 


HEAT    ABSORPTION  CURVES 


SCUM 


WAT6* 
INLET 


GO. — Wainwright'a  Curves  for  the 
ReUtiro  Heating  Effect  realized  with 
Plain  and  with  Corrugated  Tubes. 


Fig.  61.— Messrs.  Holdou  Js  Brooke's  Live  Stci 
feed  Water  Heater.    The  Water  paeeott  in 
annular  space  between  the  two  sets  of  Tubes 
shown,  the  Steam  passing  on  both  sides. 


is  raised  to  a  certain  temperature,  also  some  of  the  salts  which  cause 
what  is  known  as  the  hardness  in  water  are  also  thrown  down; 
and  in  the  best  forms  of  feed-water  heaters,  arrangements  are  made  in 
the  water  spaces  for  the  deposit  of  the  solid  matters  that  are  thrown 
down,  and  then*  removal  from  time  to  time  through  an  aperture  pro- 
Tided  for   the  purpose.     The  usual  arrangement  is  that  shown   in 
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Fig.  fit.,  whan  the  deposit  falls  to  the  bottom  of  the  water  ■} 
in  the  base  of  the  apparatus,  and  is  drawn  off  by  the  cock  shown. 


Open  Steam  Feed-Water  Heaters 

The  open  feed-water  heater  is  something  on  the  lines  of  the 
condenser,  to  be  described  later  on.  It  consists  primarily  of  a  vessel 
into  which  the  water  to  be  heated  is  delivered,  usually  in  the  form  of 
a  spray,  and  there  it  meets  the  exhaust  steam,  the  latter  giving  op  in 
latent  heat  to  the  water  and  raising  its  temperature.  It  will  be 
understood  that  this  apparatus  is  more  economical  in  heat  than  the 
closed  form  of  the  feed-water  heater,  because  the  whole  of  the  heat  of 
the  steam  is  delivered  to  the  water  in  this  form,  whereas  only  a  portion 
is  delivered  in  the  case  of  the  closed  heater.  The  objection  to  its  OBB 
is  that  which  is  mentioned  later  in  connection  with  the  pmificatioQ 
of  feed  water— the"  fact  that  the  steam  from  reciprocating  engines 
always  carries  a  certain  quantity  of  oil  in  a  finely  divided  state,  and 
this  being  delivered  to  the  feed  water  is  carried  over  into  the  boiler 
unless  means  are  taken  to  separate  it  afterwards.  On  the  other 
hand,  some  firmH  advise  the  use  of  this  form,  or  of  the  closed  form  of 
heater  in  which  the  steam  passes  through  tho  tubes,  where  the  feed 
water  contains  considerable  quantities  of  foreign  matter  or  other  im- 
purities. Tins,  however,  has  led  to  tho  development  of  special  classes 
of  combined  feed-water  heaters  and  purifiers,  of  which  the  Hopjtes, 
made  by  the  Hoppes  Manufacturing  Company  of  Springfield,  Ohio, 
is  one  of  the  best  known.  In  the  Hoppes  apparatus,  which  is  shown 
on  Plate  9a,  there  is  the  usual  containing  cylinder,  fixed  horizontally, 
and  containing  trough-shaped  trays,  or  pans  of  thin  sheet  steel,  placed 
one  above  the  other.  The  water  to  be  purified  and  heated  is  pumped 
into  the  upper  tray.  It  is  allowed  to  fill  the  upper  tray  and  then  trickle 
over  the  edge  of  the  tray  down  the  outside,  and  from  the  lowest  part 
of  the  tray  into  the  next  one.  which  it  gradually  fills,  trickling  down 
the  outside  of  the  second  tray  into  the  third,  which  it  fills,  and  so  on. 
Exhaust  steam  or  live  steam  is  led  to  tho  cylinder,  heating  the  wa 
in  the  same  manner  U  with  other  heaters,  the  water,  after  it  has 
heated  being  usually  allowed  to  descend  by  gravity  to  the  boiler 
feeding,  and  being  led  into  the  boiler  below  the  water  level.  It  is 
stated  that  Mr.  Hoppes  took  the  idea  of  the  apparatus  from  tho 
well-known  action,  so  often  seen  in  caves,  by  which  stalactites  and 
stalagmites  are  built  up.  The  salts  and  other  foreign  substances 
contained  in  the  water  are  deposited  upon  the  steel  troughs,  upon 
which  they  gradually  grow,  the  water  passing  on  purified  and  heated. 
Plate  9b  shows  tho  deposit  taken  from  a  Hoppes  feed-water  heater 
fitted  to  a  3000  horse-power  plant  after  thirty  days'  run.     Plate  9c 
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shows  the  arrangements  for  fixing  the  Hoppee  apparatus  to  a  water- 
lulie  boiler. 

The  Siinms  Company  of  Erie,  Pennsylvania,  also  make  an  open 
feed-water  heater,  somewhat  resembling  the  Hoppes  purifier,  with 
whieh  a  filter  is  combined.  It  consists  of  the  usual  vertical  cylinder, 
having  trays  in  the  upper  portion,  the  trays  being  slightly  inclined 
to  the  horizontal,  and  the  water 
being  made  to  pass  over  the 
trays  in  succession  as  it  descends. 
The  trays  are  heated  by  steam. 
The  water,  after  passing  over  the 
trays  and  being  heated,  and  to 
■  certain  extent  purified,  passed 
through  a  coke  filter  at  the 
bottom,  and  from  thence  is  taken 
to  the  boiler.  It  should  be  noted 
that  where  feed-water  heaters  are 
connected  to  pumps  there  should 
be  an  air  vessel  attached  and  a 
relief  valve.  The  air  vessel  pro- 
vides a  cushion  against  the  stroke 
of  the  pump,  and  the  relief  valve 
prevents  the  apparatus  being 
subject  to  too  high  a  pressure. 

The  question  of  what  water  shall  be  employed  in  the  feed-water 
heater  is  often  an  important  one.  In  some  cases  the  condensed  steam 
water  from  a  hot  well,  into  which  it  is  discharged  from  the  condenser, 
is  employed,  fend  in  others  a  portion  of  the  circulating  water  from  the 
surface  condensers,  which  has  already  been  heated  to  a  certain  extent, 
ad.     The  objection  to  the  condensed  water  from  the  hot  well  is 
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F10.  62.— Diagram  showing  the  Course  of 
th«  Steam  and  Water,  where  the  Con. 
den&ed  Steam  is  employed  for  the 
Boiler  Feed. 


Fig.  68. — Diagram  showing  tho  arrangement  whore  a  portion  of  Circulating  Water 
from  the  Condenser  ia  employed  aa  Feed  Water  for  the  Boiler,  after  being  heated 
by  Exhaust  Steam  and  tba  Flue  Gases.  Tho  remainder  of  the  Circulating  Water 
iii  allowod  to  run  away,  or  is  carried  to  the  Cooling  Tower. 

that  already  mentioned — with  reciprocating  engines  the  exhaust  steam 
contains  oil,  This  does  not  apply  to  exhaust  steam  from  turbines  nor 
to  the  water  that  has  been  used  in  a  surface  condenser.  Fig.  62 
is  a  diagram  showing  the  course  of  the  water  and  steam  where  the 
condensed  steam  is  used  to  feed  the  boiler,  without  any  interveuing 
apparatus ;  Fig.  63  the  arrangement  where  a  portion  of  the  circulating 
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water  from  the  condenser  is  used  for  the  feed,  and  is  heated  by 
ing  through  feed  waters  and  economizers. 

Feed-Water  Pumps 

The  feed  water,  it  will  be  understood,  has  to  be  forced  into  the 
boiler  against  the  pressure  of  the  steam  in  the  boiler,  which,  it  will 
be  remembered,  is  communicated  through  the  water  and  the  steam  in 
every  direction,  and  therefore  some  form  of  pump  or  other  apparatus 
has  to  be  employed  that  will  produce  a  pressure  sufficient  to  over- 
come the  boiler  pressure.  Broadly,  feed-water  pumps  are  on  two 
lines.  The  ordinary  ram  or  plunger  pump  of  the  two  or  three  throw 
type  is  often  employed,  driven  by  its  own  engine  or  by  an  electii; 
motor;  and,  again,  special  forms  of  feed  pumps  have  been  worked 
out  by  different  firms,  designed  especially  for  the  work.  Injectors, 
described  on  p.  173,  are  also  being  used  in  place  of  feed  pumps. 


Ram  Pumps 


In  tho  ram  or  plunger  pump  there  are  one  or  more  oylin« 
usually,  in  the  case  of  feed  puinps,  three  cylinders,  which  may  be 
fixed  either  vertically  or  horizontally,  as  convenient,  each  cylinder 
having  a  ram  or  plunger,  which  is  virtually  a  piston  moving  to  and 
fro  inside  the  cylinder,  just  as  the  piston  of  a  steam  engine  moves  in 
its  cylinder.  As  the  plunger  rises,  the  suction  valve  in  the  bottom 
of  the  cylinder  opens  inwards  and  allows  the  water  from  the  suction 
pipe  to  pass  into  the  cylinder.  On  the  return  stroke  of  the  plunger, 
the  weight  of  the, water  above  it  closes  the  suction  valve,  and  the 
force  exerted  by  the  plunger  opens  the  delivery  valve,  which  opens 
outwards  into  the  feed  pipe,  leading  either  directly  to  the  boiler 
the  feed-water  heater  or  economizer.  Messrs.  Frank  Peara  also 
make  a  double-acting  boiler  feed  ram  pump.  The  plungers  of  the  ram 
pumps  are  moved  by  rods  attached  to  them,  similar  to  piston  rods, 
the  other  ends  of  the  roils  being  fixed  to  a  crank  forming  part  of  a 
shaft,  to  which  a  pulley  is  attached,  or  that  is  directly  connected  to 
the  revolving  skaft  of  a  steam  engine  or  electric  motor.  When  there 
are  two  or  more  cylinders  the  cranks  of  the  cylinders  are  arranged 
with  two,  either  90°  or  180°  apart,  and  with  three  120°  apart,  so  that 
the  effort  made  by  the  engine  is  evenly  distributed  throughout 
the  revolution. 


Special  Pumps 


pally  to 


Special  feed  pumps  are  of  various  forms,  designed  principally 
occupy  small  space  and  to  work  automatically.     The  Worthing 
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[one  of  the  beat  known.  It  is  a  steam-driven  pump;  that  is  to  say, 
there  is  a  9team  cylinder  and  a  water  cylinder  fixed  on  one  bed-plate, 
the  two  cylinders  forming  part  of  one  casting,  and  the  piston  of  th 
steam  cylinder  and  the  plunger  of  the  pump  being  connected  by  one 
piston-rod.  The  steam  cylinder  receives  steam  from  the  boiler,  or 
when  steam  is  first  being  raised,  from  the  auxiliary  or  donkey  boiler. 
The  pump  cylinder  is  usually  arranged  double-acting,  as  it  is  called. 
It  draws  in  water  into  one  portion  of  the  pump  cylinder  as  the  ram 
moves  it  in  one  direction,  and  at  the  same  time  forces  water  that  was 
drawn  in  at  the  previous  stroke  through  the  delivery  valve  of  the 
other  portion.  As  the  piston  of  the  steam  cylinder  returns,  the 
water  that  was  drawn  in  on  the  out-stroke  is  forced  out  through  the 
delivery  valve  on  that  side,  and  water  is  drawn  in  to  the  other 
portion  of  the  pump  chamber.  In  tbe  Worthington  pump  there  are 
iwo  complete  sets  of  steam  and  water  cylinders,  standing  side  by  side, 
and  it  is  arranged  by  means  of  a  swinging  rod  that  the  action  is  auto- 
matic :  the  rod  of  one  pump  actuates  the  valve  on  the  steam  cylinder 
Of  the  other  pump,  causing  reversal  of  motion  at  the  proper  time, 
the  steam  cylinders  being  fitted  with  slide  valves.  The  slide  va* 
is  explained  in  the  chapter  on  "  Steam  Engines." 


ill. 
the 


The  Pu  I  so  meter  Feed  Pump 

The  pulsoineter  pump  is  quite  different  from  the  usual  run 
pumps.  It  contains  two  chambers  side  by  side,  opening  on  to  one 
steam  pips  at  the  top,  and  having  suction  and  delivery  valves  at  the 
i  ottom.  The  connection  between  each  of  the  chambers  and  the 
i  pipe  is  closed  or  opened  by  the  motion  of  a  spherical  ball. 
When  the  bull  is  on  the  left,  say,  the  admission  of  steam  to  the 
left-hand  chamber  is  cut  off,  while  the  steam  is  free  to  enter  th 
right-hand  chamber,  and  the  action  of  the  apparatus  is  as  follows  :- 
Supposing  the  ball  to  be  on  the  left  and  the  left-hand  chamber  to  be 
empty,  a  partial  vacuum  having  lieeu  created  by  the  condensation  of 
tbe  steam  with  which  the  chamber  was  previously  filled,  the  water 
ilcit  is  to  be  pumped  runs  into  the  chamlier  up  to  a  certain  height. 
Meanwhile   steam  has  I>een  entering  the  right-hand  chamber  and 

tug  the  water  that  was  in  the  chamlier  out  through  the  delivery 
vulve,  and  when  the  level  of  the  water  has  reached  the  entrance 
to  the  delivery  valve,  the  steam  above  ia  condensed  and  the  ball  at 
the  top  then  rolls  over  and  shuts  off  the  supply  of  steam  to  the 
right-hand  chamber,  the  steam  then  entering  the  left-hand  chamber, 
forcing  tbe   water  in  front  of  it  through  the  delivery  valve,    the 

ion  valve  having  closed  immediately  the  pressure  of  steam  com- 
menced.    When  the  water  reaches  the  level  of  the  delivery  valve. 
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the  steam  in  the  left-hand  chamber  rapidly  condenses,  the  lo 
pressure  resulting  causing  the  ball  to  roll  over  to  that  aide,  shutting 
off  the  steam  on  that  side,  the  steam  now  entering  the  other  side, 
which  has  meanwhile  been  filled  up  with  water.  The  action  of  the 
apparatus  goes  on  continuously  as  long  as  steam  is  supplied  to  it.  It 
is  of  great  service  where  the  water  contains  foreign  matter,  as  the 
valve  does  not  clog  as  the  valves  of  some  pumps  do.  The  ball  valve 
as  it  rolls  over  and  over,  maintains  itself  and  its  seat  in  proper  order, 
and  keeps  the  steam  passages  as  they  should  be. 

There  are  two  or  three  other  pumps  that  have  been  designed 
the  lines  of  the  pulsometer,  known  by  various  names,  that  are  also 
available  for  toiler  work.     The  pulsometer  can  lie  used  in  positioi 
where  it  would  sometimes  be  difficult  to  use  other  pumps,  such  as 
a  donkside;  and   by  the  side  of    a    river,  and    so   on,   Iteing   able 
work  whon  completely  immersed. 


Electrically  driven  Boiler  Feed  Pumps 

The  great  objection  to  some  forms  of  steam  feed  pumps  is  the 
large  quantity  of  steam  they  consume— as  much  as  200  to  250  lbs. 
per  indicated  horse-power  in  the  steam  cylinders.  The  same  com- 
plaint in  a  minor  degree  is  made  against  the  engines  driving  Ilium 
throw  feedpumps,  since  all  small  steam  engines  are  wasteful  in  steam 
consumption,  and  this  has  led  to  the  adoption,  wherever  electrical 
power  is  available,  of  the  electric  drive.  On  the  other  hand,  some 
engineers  do  not  like  the  electric  drive,  especially  in  electricity 
generating  works,  because  if  there  is  a  large  demand  for  enrren 
leading  to  a  certain  fall  of  pressure  in  the  generating  BtatlOD,  the  t 
pumps  are  apt  to  feel  it  and  to  slow  up  more  or  less,  while  the  I 
require  feeding  more  energetically  in  order  to  keep  up  the  supply  of 


a 

lew 


steam.     It  is  possible,  of  course,  to  provide  for   this  by  suitable 


arrangements  at  the  switch-board.  Another  objection  made 
engineers  of  works  that  are  stopped  at  night  and  from  Saturday  to 
Monday  is — the  electrically  driven  pump  cannot  run  until  sufnei 
steam  is  made  to  drive  a  generator,  while  the  steam  pump  can  near! 
always  be  driven  from  a  small  auxiliary  boiler.  On  board  ship  w 
is  called  a  "  donkey  "  boiler  is  always  carried  for  this  very  purpose, 
ami  for  uso  when  the  ship  is  in  dock.  It  is  a  small  boiler,  aomcin net 
of  the  vertical  type,  something  on  the  lines  of  a  multitubular  land 
boiler,  in  which  steam  can  be  got  up  very  quickly,  and  which  is 
employed  for  handling  cargo,  winches,  etc.,  and  its  steam  is,  of  course, 
available  for  anything,  such  as  steam  pumps,  that  may  require  it. 
In  the  electrically  driven  boiler-feed  pump  an  electric  motor  is 
mounted  on  the  frame  of  the  pump,  and  its  axle  is  geared  to  tbftl  of 


BOILER   ACCESSORIES 


73 


the  pump  by  spur  and  pinion  gearing  iu  the  required  ratio.  The  motor 
is  supplied  with  current  from  the  main  switch-board,  and  its  speed 
can  be  regulated  by  varying  the  current  passing  in  its  field  magnet 


Donkey  or  Wall  Pumps 


The  wall  pump, or  the  "donkey  "  pump,  as  it  is  Hometfinefl  called, 
is  *  very  favourite  form  of  boiler-feed  pump,  because  it  win  be  fixed 
in  some  convenient  position  out  of  the  way. 

As  its  name  implies,  it  is  fixed  against  the  wall  of  the  building, 
and  usually  carries  the  steam  and  water  cylinders  on  one  casi.ii a.', 
which  also  forms  the  bracket  or  bed -plate  by  which  it  is  secured  to 
the  wall,  and  there  is  also  usually  a  small  flywheel.  In  one  form, 
made  by  Messrs.  Pearn,  the  steam  cylinder  is  above,  with  its  elide 
valve,  the  water  cylinder  being  below,  and  the  air  vessel  required 
with  pomps  is  between  the  cylinders  and  the  suspending  hru<l  <■'. 
the  crank  shaft  and  the  fly-wheel  l»eiug  supported  by  a  loop  from 
the  junction  of  the  steam  and  water  piston  rods. 


Injectors 


The  injector  is  another  apparatus  used  for  delivering  Lho  feed 
water  to  the  boiler.  It  acts  as  pump  and  feed-water  heater.  Tt 
operates  upon  what  is  known  as  the  injector  principle,  the  most 
familiar  example  of  which  is  the  scent  spray.  Whenever  air,  steam, 
gas  is  forced  across  the  surface  of  a  pipe  containing  either  water, 
or  gas,  the  friction  of  the  air,  or  steam,  on  the  surface  of  tin-  wat«  i 
or  air  in  the  pipe,  causes  a  small  portion  to  be  drawn  out  of  the  pipe 
and  to  be  forced  along  in  the  direction  in  which  the  stream  of  air  or 
steam  is  passing.  The  passage  outwards  of  the  small  quantity  of  air 
tor  causes  a  lowered  pressure  within  the  pipe,  this  again  causing 
thu  water  or  the  air  in  the  pipe  to  rise,  aud  a  small  portion  again  to  follow 
the  first  portion,  and  so  n  continuous  stream  is  set  up  as  long  as  the 
in  OS  steam  is  passing  across  the  mouth  of  the  pipe.  Similarly,  if  a 
stream  of  air,  or  steam,  or  gas,  is  forced  through  a  passage  in  which  it 
is  surrounded  either  by  air,  water,  or  steam,  a  similar  action  Lakes 
place,  the  water  or  the  air  following  the  original  stream,  and  a 
continuous  stream  being  set  up.  The  steam  jets  that  have  been 
described  as  inducing  currents  01  air  for  furnace  draught  act  on  this 
principle.  The  jet  of  steam  draws  a  small  quantity  of  the  air  by 
which  it  is  surrounded  along  with  it  in  the  direction  in  which  it  is 
going,  that  lowering  the  pressure  behind  it,  and  the  pressure  of  the 
atmosphere  outside  forcing  a  continuous  current  of  air  along  mingling 
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with  the  steam  jet.    In  the  case  of  the  steam  injector,  which  is  under- 
stood to  mean  an  apparatus  for  dolivering  a  stream  of  water.aste--- 
passes  through  a  nozzle,  as  shown  in  Fig.  64,  and  the  nozzle  I 
rounded  by  water,  as  seen.     The  passage  of  the  steam  jet  causea  a 
small  quantity  of  air  to  accompany  it  in  the  direction  in  which  i  ii 
soing,  this  lowering  the  pressure  in  front  of  the  water  surrounding 
the  steam  nozzle.     The  pressure  behind  the  water  then  forces  Hm 
around  the  nozzle  forwards  to  take  the  place  of  the  air  which  has  moved 
forwards,  and  a  contin- 
uous   stream    of    water 
mixed  with    the  steam, 
and  therefore  heated  by 
the  steam  is  the  result. 

STEAm 
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Fiq.  64.— Sectional  Drawing  of 
Reverberatory  Steam  liijootor. 
R  is  the  Steam  Nozzle,  S  the 
Cono  through  wbioh  tho  Water 
ie  drawn  by  tho  Steam.  The 
Steam  Nozzle  is  surrounded  by 
the  Water  Stream, 
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SECTION 


Fig.  66.— Section  oi  Maura.  Davie*  &  Metcalfe'*  In 
jeotor  in  whteh  Exhaust  Steam  and  Live  SlatB 
from  the  Boiler  am  employed.  There  arc 
Steam  Cones,  one  inside  the  other,  both 
rounded  by  the  Outer  Cone. 


The  pressure  in  the  boiler  against  which  the  steam  injector  is 
to  work  may  be  very  much  greater  than  that  of  the  pressure  of  the 
steam  passing  in  the  nozzle  of  the  injector,  the  reason  of  this  being 
that  a  portion  of  tho  energy  carried  by  the  strata  in  the  nozzle,  in  the 
form  of  velocity  head,  is  converted,  on  meeting  the  stream  uf  water, 
into  pressure  head,  and  in  that  way  the  pressure  available  for  forcing 
the  water  into  the  boiler  is  considerably  increased.  With  axhn\ 
Bleum,  for  instance,  at  only  atmospheric  pressure,  the  injector  is  mi 
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to  feed  into  boilers  working  at  as  mucli  as  95  lbs.  per  square  inch, 
while  with  the  assistance  of  a  small  jet  of  live  steam  from  the  boiler 
itself,  as  will  be  explained,  the  feed  is  accomplished  up  to  pressures 
as  great  as  300  lbs.  per  square  inch. 

It  will  be  understood  that  this  is  another  case  of  the  conversion  of 
energy  from  one  form  to  another.     The  apparatus,  sections  of  which 

own  in  Figs. 64,05, 66, and  07, 
consists  of  two  cones,  one  carrying 
ateam  nozzle  and  the  other  being 
arranged  as  a  combining  chamber, 

LXHAU&T    &TLAM 
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Kg.  66 — Section  of  Messrs.  Holder)  and  Brooke1*. 
Injector  for  Live  Steam  and  Exhauat.  Steam. 


Pig.  07—  Noasrs.  Hulden  and  lirooko's  In- 
jector for  Exhaust  Sbonui,  in  which  both 
Water  and  Stoam  are  controlled  by  One 
Handle, 


whore  the  ateam  and  water  join  to  pass  on  to  the  delivery  port, 
The  water  inlet,  as  will  be  seen,  surrounds  the  cone  currying  the 
steam  nozzle,  and  it  is  arranged,  when  the  injector  is  started,  that 
steam  is  admitted  at  the  same  time  as  a  certain  Bow  of  water  is  also 
admitted,  aud  a  stream  of  water,  heated  by  the  Bteain  and  passing 
to  the  delivery  port,  is  gradually  formed*  It  will  be  noticed  that 
there  is  an  overflow  aperture  shown  in  the  drawings.  This  is  tor  the 
purpose   of  allowing  the  passage   of  the   water  which    first   passes 
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through  the  apparatus,  and  which  is  not  heated  and  haa 
under  the  influence  of  tho  moving  jet  of  steum,  to  pass  harm 
away.     When  the  stream  is  set  up,  the  overflow  ceases,  and  «h 
the  steam  jet  fail  from  any  cause,  and  therefore  the  stream  of 
passing  to  the  boiler  be  broken,  the  water  coming  from 
inlet  passes  by  way  of  tho  overflow. 

It  will  be  understood  that,  as  usually  arranged,  there  are 
pipes  leading  to  the  injector,  one  bringing  steam  and  the  other  bti 
ing  the  water,  as  shown,  and  a  third  leading  to  the  boiler,  c  i 
the  heated  feed  water,  the  steam  and  water  pipes  having  their 
controlling  cocks.     In  some  forma  of  apparatus,  however,  the  w 
arrangement  is  combined  in  one,  with  one  controlling  handle  or  regu- 
lator, the  steam  nozzle  and  the  water  supply  being  connected  together 
by  a  coarse-pitched  thread,  both  of  which  are  moved  by  the  re^' 
handle,  as  shown  in  Jig.  67.      As  explained  above,  the  inje« 
worked   by  exhaust   steam,  where   tliat  is  available,  but   il   is  also 
worked  by  live  steam  directly  from  the  boiler,  and,  as  mentioned,  also 
by  a  combination  of  live  steam  and  exhaust  steam.     In  one  form  of 
tho  latter,  made  by  Messrs.  Davies  &  Metcalfe,  shown  in 
is  a  second  steam  nozzle,  inside  the  first,  and  of  very  much  s  mallei 
bore,  this  smaller  nozzle  being  supplied  with  live  steam  from  thr 
boiler,  and  its  cilice  is  to  act  as  an  injector  upon  the  exhaust  steam, 
just  as  the  ordinary  steam  jet  acts  upou  air  or  water  through  whicto 
it  is  passing.     The  small  jet  of  live  steam  causes  a  larger  quantity 
of  exhaust  steam  to  be  carried  into  the  apparatus,  this  enabGr 
water  to  be  forced  into  the  boiler  at  a  higher  pressure  than  would 
otherwise   be  possible.      Messrs.  Holden  &  Brooke  also   mai. 
apparatus  in  which  live  steam  is  used  as  a  supplementary  injector. 
It  is  shown  in  section  in  Fig.  GG,  and  from  the  drawing  it  will  be 
seen  that  the  delivery  passage  of  the  exhaust-steam  injector  forms 
the  inlet  for  the  auxiliary  live-steam  injector,  the  live  steam  fbxuing 
the  already  heated  water  from  the  exhaust-steam  injector  into  the 
boiler  at  a  higher  pressure,  and  with  a  higher  temperature. 

In  practically  all  forms  of  injector,  the  regulation  of  the  VI 
supply  is  carried  out  by  the  position  of  the  steam  nozzle.  In  Messrs. 
Holden  &  Brooke's  combined  apparatus,  the  steam  nozzle  carries  a 
conical  valve,  which  closes  the  passage  to  the  combining  cone,  and 
when  the  regulating  handle  is  turned  this  valve  lifts  and  allows 
steam  and  water  to  pass  into  the  combining  cone.  In  other  forms 
of  their  apparatus,  and  also  in  Messrs.  Davies  &  Metcalfe's,  the 
quantity  of  water  is  regulated  by  merely  pushing  the  steam  nozzle 
forwards,  or  withdrawing  it,  by  moving  the  regulating  handle,  the 
water  passage  being  decreased  or  increased  by  this. 

With  exhaust  steam  it  is  claimed  that  water  can  be  delivered 
the  boiler  up  to  a  temperature  of  190*  F. ;  while  with  the  addition 
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ive  steam,  as  explained,  it  may  be  introduce* I  ai  any  tempoi-utum 
luiiiri 

The  injector  may  be  made  to  take  water  from  a  tank  at  a  higher 
level,  the  water  flowing  by  gravity  into  the  injector,  and  thenco  being 
forced  into  the  boiler ;  or  it  may  lift  water  from  a  tank  or  any  supply 
at  a  lower  level,  and  then  force  it  into  the  boiler,  but  in  that  caso  tho 
quantity  of  water  the  injector  can  deliver  is  reduced.  Thus,  whes 
the  water  has  to  be  lifted  6  feet,  the  quantity  the  injector  is  able  to 
deliver  is  reduced  about  10  per  cent.  ;  with  a  lift  of  12  foot,  it  is 
reduced  25  per  cent- ;  and  with  18  feet,  35  per  cent. 

The  quantity  of  water  the  injector  can  deliver  depends  directly 
upon  the  pressure  of  steam  behind  it,  but  the  following  tabic,  «ivou 
by  Messrs.  Babcock  <fc  Wilcox  for  their  live  steam  injector,  will  show 
the  matter  pretty  clearly.  The  injectors,  it  will  be  seen,  arc  made  to 
Jeliver  from  122  gallons  per  hour  with  a  boiler  pressure  of  120  Ibfc,  ' 
jp  to  nearly  12,000  gallons  per  hour  with  a  boiler  pressure  of  200  lbs,, 
he  quantity  that  can  be  delivered  increasing  with  tho  boiler  pressure, 
ut  not  in  proportion  to  it. 

TABLE   XVII. 

^Ca5TITIR8  OF  WATEB   THAT   IsJECTORfl   WILL   DELlVRIi   AT    t>jr«a»rr   I'UKIAUHH* 
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afl'ecta  the  quantity  the  injector  will  force  into  the  boiler.  The 
higher  the  temperature  at  which  the  water  is  delivered  to  the  injector, 
the  smaller  the  quantity  the  injector  can  handle.  The  following 
table,  given  by  MeHsrs.  Holden  &  Brooke,  shows  the  effect  of  higher 
temperature  of  water  upon  the  delivery.  It  will  be  aeen  that  with  a 
Itoiler  pressure  of  100  lbs.  per  square  inch,  the  injector,  according  to 
their  experience,  ceases  to  work  reliably  when  the  feed  water  is 
delivered  to  the  injector  at  over  120°  F.  There  is  a  critical  tempera- 
ture with  every  boiler  pressure  at  which  the  injector  ceases  to 
reliably,  the  temperature  falling  as  the  pressure  rises. 

TABLE  XVIII. 

Effect  of  Hot  Feed  Watek  alokk  cpos  Capacity. 

Example  showing  tbe  diminution  in  capacity  of  injectors  caused  by  the  use 

feed  water.    Tbe  figures  refer  to  an  injector  fixed  non-lifting  and  working  wit  h 
and  against  a  boiler-prossuro  of  100  pounds  per  square  inch. 


Temperature 
of  feed  water 
entering  the 
injeotor.  De-' 
grcos  Fahr. 


Percentage  of 
diininutioa 
delivery. 


50°       60° 
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The  following  table,  given  by  Messrs.  Holden  &  Brooke,  shou.* 
the  temperatures  up  to  which  their  injectors  will  receive  feed  water. 

TABLE   XIX. 

Critical  TEVrEiuTOQEs  of  Feed  Water,  with  DiPFB&Bzrr  Puf.sbctibs, 

T«mp*ratnr«  it  which  InjKtor 
Butler  pressure.  will  i*ke  Tm\  water 

Found*,  (fixed  Don-llfllog). 

%jtt 150°  Fahrenheit 

35 160° 

90 136° 

100 126° 

150 100° 

aw   . so0 


Feed-Water  Regulators 

<  toe  of  the  troubles  in  connection  with  boiler  plant  is  the 
control  of  the  feed.     If  the  feed  water  enters  the  boiler  in  too  great 
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Suantity,  the  steam  pressure  must  go  down ;  and,  on  the  otht-r  hand, 
m  insufficient  in  quantity,  steam  cannot  be  maintained.  Dm 
flow  is  regulated  by  the  "  check  valve,"  worked  by  hand,  but  devices 
hare  been  arranged  for  controlling  the  supply  automatical! v.  On 
of  these  shown  is  made  by  the  Williams  Gauge  Company  of  Pitts- 
burg, U.S.A.  It  consists  practically  of  a  float,  carried  inside  a  veM«l 
containing  water,  fixed  on  the  front  of  the  boiler,  and  in  which  tbt 
water  will  be  at  the  same  level  as  in  the  boiler.  It  is  practically  rh> 
w&tor-gauge  of  the  boiler.  The  water-gauge  is  carried  on  its  front, 
and  the  gauge  cocks  at  the  side.  It  is  arranged  that  at  the  le 
the  water  rises  and  falls,  the  float  rises  and  falls  with  it,  and  olOMI 
or  opens  the  steam  admission  valve  that  is  working  the  f«wi  Ripply. 
It  is  also  arranged  that,  should  the  pump  fail,  the  feed- water  nguatci 
sounds  a  whistle  until  attention  is  called;  and  should  the  regulator 
itself  fail,  an  alarm  is  sounded  when  the  water  is  at  the  maximum 
height  it  is  designed  to  work  wilh 


Purifying  the  Feed  Water 

From  what  has  been  said  in  previous  portion*  of  thin  and  lb 
first  chapter,  it  will  l»e  understood  that  the  polity  of  tlm  wfil<  j 
is  employed  in  boilers  for  raising  steam  is  of  enorinoin  ImpoH 
As  explained  in  the  first  chapter,  water  has  the  important,  an- 1 
far  as  boiler  work  is  concerned,  the  troublesome  proj*irl  y  ul   w.\  cmb 
dissolving  portions  of  the  rocks,  earths,  etc.,  over  and  tnrongfa 
it  flows,  but  also  of  carrying  minute  portions  of  th»-ni  in  umrhnm*  ul 
suspension.     Every  one  is  familiar  with  the  worn  surfaces  of  rooks 
in  river  beds.  Part  of  the  wearing  is  due  to  solution  of  the  unbalance* 
of  which    the  rocks  are  composed,  and  part  again  is  often  duo  to 
attrition,  to  the  wearing  away  and  carry  in -.•  off  ol   run  [a]m 

of  the  substances  in  the  same  chemical  oonditiofl  U  tihtj  i tinted 
when  forming  portions  of  the  rocks,  In  idditioi 
supplies  that  are  available  for  boiler  feed  are  liable  to  the  presence 
of  organic  matter.  The  water  supply  of  towns  is  obliged  to  be 
filtered  from  this  cause,  and  water-works  engineers  know  Urn 
certain  times  of  the  year,  such  as  in  spring  and  early  summer,  and 
again  in  autumn,  large  >|uantities  of  vegetable  matter  find  their  way 
into  the  springs  and  rivers  from  which  water  supplies  are  taken,  and 
a  considerate  quantity  remains,  even  after  filtration.    Prof.Thur 

•  timatefl  that  from  water  that  is  considered  to  be  very  pine.  ■  I  M3 
ELF.  boiler  will  receive  as  much  as  00  lbs.  of  foreign  mattei  |--i 
hoar  j  while  from  other  sources  nut  as  pure,  as  much  as  1  ton  per 
hour  is  sometimes  carried  in,  and  has  to  be  got  rid  of. 
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In  addition  to  the  matter  held  in  suspension,  as  described,  the 
water  has  also  salts  of  calcium  and  magnesium,  which  go  to  give  it 
what  is  termed  "hardness." 

The  term  "  hard  water  "  is  familiar  as  applied  to  water  that  doe* 
not  lather  with  Boap  in  the  ordinary  way,  and  the  relative  degree  of 
hardness  of  different  kinds  of  water  is  measured  by  the  quantity 
of  soap  which  it  absorbs  uselessly  before  it  commences  its  work 
of  cleansing,  etc.  The  hardness  of  water  is  measured  in  degrees, 
though  the  measurement  is  a  very  arbitrary  one,  and  the  degrees  are 
to  be  understood  as  something  quite  different  from  those  used  m 
connection  with  circles,  etc.  A  degree  of  hardness  in  water  means 
that  a  gallon  of  the  water  contains  sufficient  salts  in  solution  to 
decompose  as  much  soap  as  would  be  decomposed  by  one  grain  of 
carbonate  of  lime  (chalk).  Tims  water  is  said  to  have  10°  or  15D  or 
20°  of  hardness,  as  the  case  may  be,  when  it  contains  the  quantities 
of  salts  per  gallon  that  will  decompose  the  same  quantities  of 
as  10, 15,  or  20  grains  of  chalk. 

Hardness  of  water  again  is  divided  into  temporary  hard 
permanent  hardness.  Temporary  hardness  is  caused  principally  by 
the  presence  of  the  bi-carbonates  of  lime  and  magnesia.  By  the 
bi-carbonate  is  meant  the  salt  which  contains  two  chemical  equiva- 
lents of  carbonic  acid  to  one  of  lime  or  magnesia,  the  carbonate  con- 
taining only  one  chemical  equivalent  of  carbonic  acid  combined  wi;l: 
one  chemical  equivalent  of  lime  or  magnesia.  Temporary  hardness 
is  got  rid  of  by  raising  the  temperature  of  the  water  in  which  the 
bi-carbonates  are  dissolved  to  320°  R,  or  by  the  addition  of  lime,  the 
lime  combining  with  the  second  equivalent  of  carbonic  acid  and 
forming  carbonate.  At  the  temperature  mentioned,  one  of  the 
equivalents  of  carbonic  acid  is  driven  off  as  a  gas,  leaving  the  remain- 
ing salt  in  the  form  of  the  carbonate,  which  is  not  soluble  in  water, 
and  which  is  therefore  deposited,  if  suitable  means  are  provided  for 
it,  in  the  vossel  in  which  the  operation  takes  place.  Permanent 
hardness  is  caused  by  the  presence  of  the  chlorides  and  sulphates  of 
lime  and  magnesia,  and  some  of  these  are  not  driven  off  by  raising 
the  temperature,  but  are  usually  got  rid  of  by  chemical  action.  If 
the  chlorides  and  sulphates  and  carbonates  are  not  removed  from 
the  water  before  it  enters  the  boiler,  they  are  deposited  upon  the 
water  side  of  the  heating  surfaces,  the  outsides  of  the  flues,  funmcei, 
etc,  in  the  Lancashire  boilers,  and  the  inside  of  the  boiler  shell,  and 
on  the  inside  of  the  tubes  of  water-tube  boilers,  with  the  result  that 
a  scale  is  built  up,  as  already  explained,  which  resists  the  passage  of 
heat  through  it. 

The  sulphates  and  chlorides  are  removed  by  the  addition  of 
carbonate  of  soda,  a  carbonate  of  lime  being  formed,  which,  as 
explained,  is  deposited,  and  a  sulphate  of  soda  which  does  not  form 
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a  scale.     There  are  several  forms  of  what  are  called  water  softeners, 
the  principal  of  which  are  described  below. 


Other  Scale-forming:  Substances 

In  addition  io  the  organic  and  other  matters  held  in  auspensiou, 
and  to  the  salts  held  in  solution,  thore  are  other  matters  whirl,  Imvn 
a  very  serious  effect  upon  the  working  of  the  boiler,  and  upon  tin- 
formation  of  scale.  As  will  be  seen  later,  when  describing  •  n  m. 
and  their  working,  it  is  necessary  to  employ  oil  for  the  luorioatioD 
of  reciprocating  engine  cylinders,  and  a  small  quantity  of  the  Oil  I 
continually  carried  over  with  the  exhaust  IfltTn  d>  the  mmli 
and  to  the  feed-water  heater,  where  these  are  employed,  with  the 
result  that,  unless  means  are  token  to  prevent  it,  a  WBJ  tttfflonlti 
matter  if  the  condensed  water  is  used  for  feeding  thn  I.  .il<t,  u  portion 
of  the  oil  remains  in  the  feed  water  and  works  its  way  buck  into  the 
boiler.  It  has  beeu  found  that  a  very  thin  layer  of  oil  on 
of  the  furnace  crown,  for  instance,  offers  such  a  high  reaLitun  >-  I"  ihn 
passage  of  heat  from  the  furnace  gases  to  the  water  abow  tin  in,  that 
the  crowns  of  the  furnaces  often  become  very  diflgttOQdf  heated 
.1,  the  heat  not  beiug  able  to  escape  to  the  nttf,  Utd  rim 
trouble  sometimes  resulting.  In  addition  to  this,  themiimh  -<|ii  mni.  •. . 
of  oil  combine  with  the  sulphates  and  carbonates,  and  lOIDttUDM  with 
the  organic  matter,  if  it  is  allowed  to  remain  iu  the  water,  the  scale  »o 
formed  being  of  great  tenacity  and  hardness,  ami  giving  OQfUldtnbll 
trouble  to  remove. 

Another  source  of  trouble  in  boilers  is  eh  tOfcio&i     1  hi 

different  parts  of  the  boiler,  it  will  be  remembered,  iro  iiibje.  I    to 
the  action  of  the  hot  gases  at  different  feampoatVl  .;>"•!  '.on  -  t 

the  metal  portions  of  the  boilers  at  these  points  tbtffiMlVM  st 

different  temperatures,  and  this  leads  to  the  formation  oi  a  gftlvsfila 
battery,  there  beiug  a  difference  of  electrical  UHHttW  betwaQO  tlm 
iron  or  steel  at  the  higher  temperature  and  that  it  Hie  lower 
temperature.  This,  together  with  the  presence  of  watei.  particular!) 
when  the  water  contains  salts  in  solution,  leads  to  tlm  | 
electric  currents  from  one  part  of  the  boiler  to  the  other,  tin 
the  water,  and  to  the  eating  away  of  the  boiler  at  those  portion', 
generally  the  hotter  portions,  from  which  the  current  seta  out, 


Methods  of  Removing  Foreign  Bodiesv  etc. 

The  case  of  the  feed-water  heater  has  been  mentioned  above,  in 
which  provision  is  made  for  removing  the  foreign  bodies  that  are 
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thrown  down  into  the  chamber  provided  for  them,  also  in  describing 
several  of  the  boilers,  mud  drums  and  scum  cocks  were  also  mentioned. 
The  mud  drums  are  for  the  reception  of  all  the  matter  held  in  sus- 
pension, and  all  that  can  be  arranged  to  be  held  in  suspension,  by 
the  action  of  the  boiler,  and  are  fixed  at  the  lowest  point,  and  often 
well  below  the  boiler,  in  order  that  all  of  these  substances  may 
gravitate  there.  In  Lancashire  boilers  the  lower  part  of  the  boiler 
below  the  furnace  is  the  spot  to  which  these  substances  usually 
gravitate.  Scum  cocks  are  fitted  to  the  lower  part  of  the  front  of 
the  Lancashire  boiler,  and  to  the  lower  part  of  the  mud  drums  of 
water-tube  and  other  boilers.  When  the  scum  cock  is  opened,  the 
pressure  of  steam  in  the  boiler,  which,  it  will  be  remembered,  is 
communicated  by  the  law  governing  pressures  in  fluids,  to  all  parte 
of  the  fluids  in  the  boiler,  forces  the  semi-solid  substances — the 
scum,  iu  fact— out  through  the  scum  cock  into  receptacles  provided 
for  it. 


Water  Softeners 


Water  softeners  are  practically  constructed  all  on  the  same  1: 
with  the  usual  variations  by  different  inventors.  The  common 
practice  in  all  of  them  is  to  add  to  the  water  to  be  softened  a  derinito 
quantity  of  hydrate  of  lime,  and  carbonate  of  soda.  Success  in 
removing  the  substances  which  make  water  hard,  depends  very 
largely  upon  the  reagents,  as  they  are  called,  the  lime  and  carbonate 
of  aoda  being  added  in  proper  proportions,  and  therefore  the  manu- 
facturers of  all  water-softening  apparatus  ask,  as  a  preliminary,  that 
the  water  shall  be  submitted  to  them  for  analysis,  so  that  they 
know  the  proper  proportion  of  the  reagents  to  add.  If  too  little  n 
the  reagents  are  added  to  the  water  to  be  softened,  it  will  be  eviden: 
that  a  portion  of  the  substances  causing  the  hardness  will  remain; 
and,  further,  there  is  always  the  possibility  of  chemical  action  taking 
place  between  the  new  substances  formed  and  the  remainder  of  the 
sulphates  or  chlorides,  in  the  presence  of  heat,  and  in  the  presence 
of  the  oil  and  organic  matter  that  is  sometimes  found  there.  On  the 
other  hand,  if  too  much  of  the  reagent  is  added,  there  will  be  i 
surplus  of  it  in  the  water,  and  in  some  cases  this  will  have  a  dele- 
terious effect.  In  all  of  the  apparatus  made,  therefore,  one  portion 
is  devoted  to  measuring  definite  quantities  of  the  reagents,  against 
definite  quantities  of  the  water  to  be  softened.  A  second  equally 
important  requisite  in  the  water  softener  is  the  thorough  mixing 
of  the  reagents  with  the  water  to  be  softened.  It  will  be  quite 
evident  to  any  one  who  ha3  observed  the  action  of  the  solution  of 
different  substances   in  water,  that  time   is   always  necessary  for 
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complete  solution  to  bo  accomplished,  though  the  time  may  be 
considerably  lessened  by  stirring,  and  other  methods;  and,  con- 
sequently, in  all  of  the  apparatus  some  form  of  stirrer  or  mixer 
occupies  a  prominent  position. 

The  next  important  part  of  the  apparatus  is  that  in  which  the 
separation  of  the  new  substances  that  have  been  formed,  and  that 

»are  purposely  made  insoluble  in  the  water,  takes  place. 
In  nearly  all  of  the  apparatus  a  filter  forms  an  important  feature 
in  the  last  part  of  the  operation.     The  filter  is  usually  formed  of 
wood  wool. 

In  some  of  the  water-softening  apparatus,  steam  is  used  to  heat 
the  water,  and  to  throw  off  the  carbonic  acid,  as  explained  on  p.  180. 
while  others  claim  that  the  whole  process  is  carried  on  without  the 
adilition  of  heat.  In  one  apparatus,  the  Archbutt-Deely,  made 
by  Messrs.  Mather  and  Piatt,  the  water  is  also  charged  to  a  small 
extent  with  carbonic  acid,  after  it  has  been  softened.  In  one 
apparatus  also,  the  Harris- Anderson,  which  is  intended  to  Temove 
the  oil  from  the  water,  as  well  as  to  soften  it,  sulphate  of  alumina 
and  carbonate  of  soda  are  added  to  the  water  in  place  of  lime  and 
carbonate  of  soda. 


The  Archbutt-Deeley  Water  Softener 


The  Archbutt-Deely  apparatus,  which  has  been  worked  out  by 
the  engineers  of  the  Midland  Railway,  is  intended  mainly  for  dealing 
with  large  quantities  of  water.  It  consists  of  two  tanks  which  arc 
used  alternately,  the  water  to  be  softened  being  treated  in  one  tank, 
while  the  softened  water  is  being  drawn  off  from  the  other.  In  the 
lower  part  of  the  tanks  are  two  sets  of  steam  pipes,  and  above 
the  main  tanks  is  a  small  tank  for  chemicals,  in  which  definite 
quantities  of  quicklime  and  carbonate  of  soda  are  boiled  by  meaus 
of  live  steam,  the  proportion  of  the  chemicals  being  regulated 
according  to  the  hardness  of  the  water.  The  tank  to  be  operated 
upon  is  tilled  by  means  of  a  pump,  and  then  by  the  aid  of  steam 
the  prepared  chemical  solution  is  forced  into  the  water,  a  current 
being  set  up  in  the  water  in  the  tank,  and  the  chemical  solution 
being  gradually  drawn  down  through  a  pipe  provided  for  it,  from  the 
tank  in  which  it  was  prepared,  and  being  drnwn  into  the  circulating 
current  in  the  main  water  tank,  and  gradually  mixed  with  the  water 
to  be  softened.  One  special  feature  of  the  Archbutt-Deely  apparatus 
is  the  method  by  which  precipitation  of  the  foreign  substances  is 
obtained.  The  mud,  as  it  is  called,  from  previous  bodies  of  water  that 
have  been  treated,  is  allowed  to  remain  on  the  bottom  of  the  tank, 
tod   when  the  chemical   solution  has  thoroughly  mixed   with   the 
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water,  the  mud  precipitate  is  stirred  up  by  menus  of  air  bubbles, 
forced  from  the  lower  row  of  pipes  in  the  tauk  by  the  aid  of  steam. 
The  disturbance  of  the  old  precipitate  is  stated  to  greatly  accelerate 
the  precipitation  of  the  new  matter  that  has  been  thrown  out  of  the 
hard  water  by  the  chemical  reagents,  and  that  is  in  a  very  finely 
divided  state,  and  will  take  a  long  time  to  settle  unlass  means  are 
taken  to  assist  it.  When  the  old  precipitate,  which  consists  of  coarse 
particles,  is  stirred  up,  the  fine  particles  of  the  new  precipitate 
attach  themselves  to  the  coarse  particles,  and  the  whole  subsides 
to  the  bottom  by  gravity,  in  the  usual  way.  After  the  air  has  been 
operating  for  a  few  minutes,  the  time  varying  with  different  waters, 
the  steam  is  turned  off,  and  the  precipitate  is  allowed  to  settle. 
It  is  found  that  the  whole  will  settle  to  the  bottom,  and  Lhat  the 
water,  even  to  a  depth  of  6  feet  from  the  surface,  is  clear  and  pure, 
and  does  not  contain  more  than  one  grain  of  suspended  matter  per 
gallon.  After  the  water  has  settled,  the  clear  portion  is  drawit  <  ;! 
and  carbonated  by  means  of  fuel  gas,  from  a  coke  store,  fcb 
lieing  Mown  into  the  water  by  the  aid  of  a  steam  nozzle,  and  la?ing 
caused  to  mix  with  the  water  by  means  of  baffles.  Messrs.  Archbutt 
&  Deely  state  that  uncarbonated  softened  water  is  liable  to  form  a 
deposit  in  pipes,  and  especially  in  the  feed  apparatus  of  steam  toilers, 
and  it  is  for  this  reason  they  adopt  the  carbonating  process.  The 
mud  is  removed  from  the  tanks  from  time  to  time,  through  mud 
doors,  or  by  steam  lifters. 


The  Criton  Water  Softener 

lu  the  Criton  water  softener,  made  by  the  Pulsoineter  Company 
no  heat  is  employed.  The  apparatus  is  shown  in  section  in  Fig. 
It  will  be  noticed  that  there  is  a  tank  for  lime  water  on  the  li 
with  a  ball  cock  for  filling  it,  and  an  overflow  trough.  Also  tl 
there  is  a  tank  above,  marked  syphon  tank,  and  alongside  of  it 
another  marked  soda  tank.  The  pipe  bringing  the  hard  water  is  seen 
dipping  into  tho  syphon  tank,  and  a  float,  dipping  into  the  syphon 
tank  also,  controlling  by  means  of  a  system  of  levers  a  plunger, 
called  in  the  drawing  a  displacer,  in  another  small  vessel  below  the 
soda  tank.  It  will  be  noticed  also  that  there  is  a  plunger,  also 
called  a  displacer,  in  the  upper  portion  of  the  lime-water  tank.  On 
the  right  of  the  drawing  will  be  noticed  a  larger  vessel,  marked 
settling  tank,  with  a  vessel  at  the  top,  open  above,  and  having  a  pipe 
leading  from  the  bottom  to  the  bottom  of  the  settling  tank.  Pipes 
will  be  noticed  also  leading  from  below  the  syphon  tank,  and  ft 
the  small  tank  at  the  aide  of  the  soda  tank,  into  the  vessel  above 
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settling  tauk,  which  is  called  the  mixer.  The  operation  of  the  appa- 
ratus is  as  follows.  The  syphon  tank  is  filled  from  the  water  inlet, 
the  lime-water  tank  having  also  been  filled  froxn  the  same  source,  and 
having  a  quantity  of  lime 
dissolved  in  it.  As  the 
level  of  the  water  in  the 
syphon  tank  rises,  it  raises 
the  iloal  shown,  this  de- 
pressing the  plunger  in  the 
small  tank  by  the  side  of 
the  soda  tank,  and  causing 
a  quantity  of  the  soda 
solution,  which  has  been 
made  in  the  sodn  tank,  to 
pass  into  the  mixer.  At 
the  same  time  the  plunger 
in  the  lime-water  tank  is 
pushed  downwards,  causing 
rtain  quantity  of  lime 
water  to  flow  over  the 
trough  shown  into  the 
mixer,  the  hard  water  from 
the  syphon  tauk  flowing 
also  through  the  pipe  shown, 
the  whole  mixing  together, 
and  passing  downwards 
through  the  pipe  in  the 
settling  tank  to  the  bottom. 
A  large  portion  of  the  im- 
purities that  have  l*een 
displaced  by  the  chemical 
action  are  claimed  to  settle 
on  the  bottom  of  the  set- 
tling tank,  and  are  removed 
from  time  to  time  through 
the  tap  shown  on  the  right. 
The  water  rises  in  the 
settling  tank,  passes  out 
through  the  pipe  shown  at 
the  top,  into  the  filter,  and 
down  through  the  filter  to  the  outlet.  The  filter  is  arranged  to  be 
cleaned,  without  removal,  by  a  reverse  current  of  wator  through  the 
valves  shown. 


Fin.  68. — Section  of  Criton  Wator  Softonor.  Tho 
Syphon  Tank  which  receives  the  Water  to  bo 
BOftenod  is  seen  At  the  top,  where  the  Soda 
Tauk  is  also  fixed,  the  Lime-water  Tank  and 
tho  Filter  and  Settling  Tank  being  below. 
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The   Reisert  Water  Softener 

In  tliis  apparatus,  which  is  made  by  Messrs.  RoyLs  of  [riftm, 
there  is  the  uBual  cylindrical  main  chamber,  with  a  tank  above,  and 
a  conical-shaped  vessel  on  the  right.  The  water  to  be  softened  enters 
the  tank  at  the  top,  which  is  divided  into  three  chambers,  one  for 
lime  slaking,  one  for  making  a  soda  solution,  and  a  third  for  the 
water  by  itself.  The  conical-shaped  chamber  is  called  the  lime 
saturator,  and  its  office  is  to  prepare  the  solution  of  lime  water 
to  be  employed  in  the  softening  process.  Water  enters  the  lime 
saturator  from  the  middle  chamber  of  the  water  tank,  through  a 
micrometer  valve  marked,  and  it  passes  directly  down  a  central  pipe, 
to  the  bottom  of  the  chamber,  the  slaked  lime  l»eiug  delivered  some 
little  distance  from  the  bottom  of  the  chamber,  by  a  pipe  and  funnel 
from  the,  lime  chamber.  The  water  delivered  from  the  bottom 
the  central  pipe  passes  upwards,  its  velocity  gradually  decreasing 
the  diameter  of  the  chamber  increases,  and  it  is  claimed  that  by 
this  method  the  water  becomes  thoroughly  saturated  with  limb, 
any  undissolved  lime  particles  falling  to  the  bottom,  On  the  left 
there  is  a  similar  chamber,  but  of  rectangular  shape,  into  which 
the  solution  of  soda  is  delivered  by  a  pipe  and  cock,  wator  passing 
into  another  chamber  at  the  same  time,  through  another  micrometer 
valve  in  the  central  water  chamber,  and  the  pipe  attached  to  it. 
Small  pipes  lead  from  the  top  of  the  lime  saturator,  and  from  the 
soda  solution  chamber  to  a  distributing  tank,  which  is  held  inside 
of  the  main  cylinder,  the  water  to  be  softened  also  passing  to  the 
same  chamber  through  the  micrometer  valve,  in  the  central  portion 
of  the  tank  above,  and  the  pipe  attached  to  it.  The  water  to  bfl 
softened  and  the  solutions  of  lime  and  soda  that  are  to  soften  it 
are  delivered  in  definite  quantities  into  the  middle  chamber  of  fcbe 
water  tank,  passing  down  through  it,  and  up  through  the  body  of 
the  liquid  which  tills  the  main  cylindrical  chamber,  and  from  there 
the  mixed  water  passes  down  a  central  pipe  to  the  under  side  of  th« 
filter  at  the  bottom.  After  passing  through  the  filter  the  water  is 
delivered  to  a  tank  on  the  left.  There  is  in  addition,  a  syphon  tube, 
on  the  right,  connected  with  the  tank  on  the  loft  by  the  small 
pipe,  and  one  of  the  features  claimed  in  connection  with  the  Reisert 
apparatus  is,  the  automatic  cleaning  of  the  filter.  It  will  be  under- 
stood that  a  certain  amount  of  precipitation  takes  place  in  the  lower 
part  of  the  main  cylinder,  and  that  any  precipitates  remaining  are 
absorbed  by  the  filter,  whose  pores  gradually  become  filled  up. 
the  passage  of  the  water  through  the  filter  is  checked,  as  the  p 
liecome  filled,  the  liquid  rises,  and  when  the  resistance  offered 
the  filter  reaches  a  certain  figure,  a  syphon  is  formed,  reversn 
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direction  of  the  water  through  the  filter,  cleansing   the  filter,  ind 
carrying  off  the  precipitate  by  a  cock  provided  for  ir. 

Fur  locomotive  ami  tubular  boilers,  in  tho  Bcdwrt  water  softening 
apparatus,  lime  is  used  in  conjunction  with  carltonute  of  barium 

The  Bruun  Lowener  Water  Softener 

This  apparatus  is  made  in  tins  country  by  Meant*,  Lassen  KSd 
Hjort.  Tt  is  shown  in  Fig  69.  The  water  is  led  iriLo  MM  of  two 
chambers  of  the  oscil- 
lating receiver  C,  which  ^ 
is  pivoted  over  the  vessel 
B  in  which  the  princi- 
pal action  takes  place. 
Abore  the  oscillator  is  a 
semi-cylindrical  tank,  in 
which  the  reagents  are 
held,  consisting  of  lime 
milk  and  carlionatu  of 
soda.  The  makers  slate 
that  the  lime  milk  that 
ed  has  a  strength 
of  10  per  cent.,  and  that 
it  is  made  from  freshly 
burned  lime.  The  chem- 
icals are  kept  in  constant 
motion  within  the  semi- 
cylindrical  vessel  by 
means  of  the  agitator 
shown.  At  the  bottom 
of  the  vessel  carrying 
the  chemicals  is  a  valve, 
which  is  opened  by  a 
system  of  levers  at  every 
turn  of  the  oscillator. 
When  one  of  the  vessels 
of  the  oscillator  is  full. 
it  tips  over,  and  empties 
its  contents  into  tho 
mixing  chamber  B  be- 
low, and  at  the  samo 
lime  a  definite  quantity 
of  the  lime  milk  and 
carbonate  of  soda,  thoroughly  mixed  together,  are  delivered  to  the 
mixing  chamber.     The  water  and  the  reagents  are  kept  in  motion 


Flu.  69. — Vertical  type  of  Bruun  Lowener  Water 
Softener,  with  Parts  of  tho  Containing  Vessel  cut 
away  to  show  the  interior,  c  in  tbo  Oscillator ; 
b  tho  Mixer;  i  is  the  Filter,  at  the  top. 
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within  the  mixing  chamber  by  moans  of  a  plate  fixed  to  tho  botl 
of  the  oscillator.     From  the   mixing  chamber  the  water  passes  to 
heating  chamber,  and  which  is  provided  with  u  steam  no/,^1 
temperature  of  the  water  being  raised  to  130°  F.     Some  of  the  i 
matters  are  precipitated  ia  the  heating  chamber.     From  the  hva tin- 
chamber  the  water  passes  into  the  settling  tank,  where  precipitation 
of  the  foreign  substances  takes  place,  and  from  thence  it  passes 
through  the  filter  I,  which  is  made  of  wood  wool,  and  thence  to 
boiler  or  feed  pump,  etc. 


Guttmann  Water  Softener 

In  the  Guttmann  apparatus,  which  is  made  by  Messrs.  Bal 
and  Wilcox,  there  is  a  chemical  tank  at  the  top  of  the  apparati 
into  which  the  quantity  of  the  usual  chemicals,  sufficient  for 
day's  work,  is  put,  the  tank  then  being  filled  with  water.  Below 
the  chemical  tank  stands  the  mixing  or  reaction  tank,  into  which 
the  water  lo  be  softened  is  carried,  a  certain  quantity  of  the  solution 
of  the  reagents  also  passing  into  it  from  the  chemical  tank,  the 
admission  of  water  and  reagents  being  controlled  by  valves.  The 
water  and  solution  in  the  reaction  tank  are  raised  to  boiling-point 
by  the  aid  of  steam  delivered  to  the  tank  by  means  of  injectors,  the 
whole  being  thoroughly  agitated  at  the  same  time.  The  water  flows 
from  the  reaction  tank  into  the  filter  tank,  which  is  arranged 
in  steps,  the  bottom  of  each  step  forming  a  filter,  and  the  water 
being  caused  to  take  a  zigzag  course  by  the  division  plates  being 
arranged  to  leave  spaces  for  the  water  alternately  at  the  top  and 
bottom.  A  certain  amount  of  precipitation  takes  place  as  usual  in 
the  reaction  tank,  and  the  remainder  is  carried  out  in  the  filter 
tauk,  by  successive  steps,  as  explained.  From  the  filter  tank  the 
water  passes  into  the  storage  tank,  where  it  should  be  ready  for  use. 


Do ul ton's  Water  Softener 

The  special  feature  of  Messrs.  Doulton's  apparatus  is  the 
ment  for  mixing  the  chemicals  with  the  water  to  be  softened.  This 
portion  of  the  apparatus  is  shown  in  Fig.  70.  Tho  hard  water  is  led 
in  through  the  pipe  at  the  top  of  the  tank  on  the  left,  into  the 
tank  shown,  which  contains  a  float  \V,  which  by  means  of  the  lever 
L,  and  the  cocks  F  and  N,  control  the  supply  of  the  chemicals  from 
the  tank  Y  on  the  right.  When  the  tank  G  on  the  left  has  been 
filled  to  a  certain  height,  and  the  float  YV  has  thence  been  raised  to 
u  certain  height,  the  lover  L  opens  the  cocks  in  the  pipe  leading 
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from  the  tank  Y,  and  a  certain  definite  quantity  of  the  reagents  pass 
iaro  the  mixing  chamber,  shown  between  the  two  tanks.     A1 
same  time  the  hard  water  from  the  tank  6  is  discharged  through 
the  shoot  Q  into  the  mixing  chamber,  whore  it  is  given  a  whirling 
motion,  this  motion  causing  the  required  mixing  of  the  reagent 


Fig.  70.— Muring  portion  of  Doulton's  Water  Softener.    Y  la  tho  Chominul  Tank; 
G  the  Tank  receiving  tho  Water  to  be  noftenud. 

the  water.  When  mixing  has  been  effected ,  the  water  and  reagents 
pass  through  the  funnel  V,  down  to  the  bottom  of  a  settliug  lank,  ai. 
the  bottom  of  which  precipitation  takes  place,  the  water  then  rising 
through  a  filter  at  the  top  and  passing  on. 

havi 


The  Kennicott  Water  Softener 


In  the  Kennicott  water  softener  there  is  a  cylindrical  steel  tank, 
having  a  water  wheel  at  the  top,  over  which  the  water  to  be  softened 
passes,  the  power  delivered  by  the  water  being  made  use  of  to  raise 
the  reagents  to  the  top  of  the  tank.  Tanks  containing  the  reagents 
are  also  fixed  above  the  main  tank.  The  reagents  pass  into  the  water 
wheel,  with  the  water  to  be  softened,  thence  down  through  a  pipe 
in  the  centre  of  the  apparatus,  to  the  bottom  of  the  chamber,  from 
which  they  turn  and  rise  through  a  series  of  inclined  perforated  baffle 

•  plates,  any  precipitate  which  has  not  been  left  at  the  bottom  of  the 
tank  being  caught  by  these  plates,  from  which  it  falls  off  to  the 
bottom  of  the  tank.  The  water  finally  passes  through  a  wood-fibre 
filter  at  the  top  of  the  tank. 
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The  Desrumaux  Water  Softener 

In  this  apparatus  there  are  two  tanks,  one  called  the  satun 
in  which  n  portion  of  the  water  to  be  softened  is  saturated  with  ' 


Fia.  71.- Section  of  the  Denromoux  Water  Softener,    Tbo  Saturator  is  alio 
the  loft,  with  tbo  Water-wheel  Stirrer.     The  Water  Wheel  at  the  top 
Main  Chamber  will  be  noted,  also  the  Spiral  Haftle  Plates. 

a    revolving   wheel  ensuring  that  the    mixing    is   complete, 
remainder  of  the  water  lo  be  softened  passes  over  the  water  w 
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u«  power  delivered  to  the  wheel  being  employed  to  dlivfl  bhl  hm.., 

in  the  attanftor.     The  water  from  the  saturator  Hows  into  Mr  oe&tn 
uf  ttw  »em  chamber, after  it  has  been  thoroughly  ealnraii  il,  am]  then 
netta  the  water  to  be  softened  and  a  certain  quantity  of  u  solution 
ofioda,  from  a  rectangular  tank  above.     Tim  watu  and  tho  rMgi  nt 
Pms  through  a  central  chamber  or  tube,  to  the  bottom  of  the  umin 
(ask,  where  precipitation  takes  place  as  usual,  the  water  than 
to  the  top,  around  spiral  baffle  plates,  which  arrest  an\    precipitate 
thai  has  not  been  left  at  the  button),  the  matter  ho  oaugh1  ftn  hog  ii.-i 
*»y  to  the  bottom  of  the  main  tank.     At  the  top  of  Hi.   m  tig 
the"  water  passes  through  a  filter  in  the  usual  way. 


The  Arthur  Koppel  Water  Softener 

In  thia  apparatus  the  precipitating  tunk  m.iv  I"*  ciiln'i  <  yliiiilnrul, 
rectangular,  or  any  convenient  shape.     The  cliomieal  tank  hI.om-  the 

Precipitating  tank  may  alao  be  cylimlrical  orrectanguUt.    <  »i 1  ih.> 

special  features  of  the  apparatus  is  tho  an  ut  foi    delivering 

tfce  required  quantity  of  each  reagent  to  the  water  to  Ui  softened.  I' 
i^  accomplished  by  bucket  conveyors.  There  is  a  tanl.  t <.i  ,  I,  i  i|,, 
t~«agents,  and  a  bucket  conveyor  dipping  into  each,  and  both  OOOTi    Dl 

*tre  worked  by  oscillating  apparatus.    The oecil luting  v|    ft]  la  on  .< 

\vluit  similar  lines  to  some  of  those  that  have  been  almadj  de  1  rihod 
It  has  two  compartments,  and  the  water  that  i.<  to  be  Kftmd  ilnwi 
into  one  of  them,  tips  it  over  when  full,  allowing   the  water  tliut  ban 
been  poured  into  it  to  pass  down  to  tho  mixing  chamber,  while  thn 
other  half  of  the  apparatus  comes  under  tin  p  pc.      II 

lation  of  the  tipples  is  made  to  work   the  oleTBtOIl   brin^inj;   ■  I,      , 
agents  by  means  of  a  ratchet  wheel  and  pawl.     The  quantity  of  the 
reagent  carried  upwards  by  the  bucket  of  the  conveyor,  i  .  ti]  |. 
at  the  top  into  a  small  chamber,  from  vMofa  U  flOWl  down  through  a 
pipe  into  the  mixing  chamber.    There  is  a  novel  tmni  of  Itenm  lo»  it  in  1 
apparatus  in  the  chamber  into  which  the  water  in  tiiqi 
i^oilla tor,  consisting  of  a  number  of  plnl.u.i  over  which  the  wntm  down, 
it  being  arranged  that  the  water  is  obliged  to  flow  over  tho  length  Oi 
each  plate  in  succession,  and  the  plates  are  heated  by  a  ntenm  jut 
passing  up  from  an  exhaust  steam  pipe,  the  steam  pawing  up  BVtt  ttll 
under  surfaces  of  the  plates,  from  plate  lo  platflj  in   the  OppOftltt 
direction  to  that  in  which  the  water  is  (lowing,  the  water  tb 
heated  as  it  passes  over  them.     From  the  heating  ohftnbfl   >  I" 
passes  down   through   a   pipe  into  the   mixing  cliamUi,   where   it  in 
further  heated  by  live  steam,  and  agitated  by  a  blust  of  uir.     Tim 
complete  lower  chamber  is  divided  into  three  chambers,  the  divi 
being  in  tho  form  of  an  inverted  Y,  and  the  water  flows  down  round 
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the  ends  of  the  division  plates,  and  then  up  through  the  lili-irsand 
out  to  the  feed  pipe,  the  foreign  matters  depositing  at  the  different 
points,  and  finally  settling  down  to  the  bottom  of  the  tank,  and 
removed  by  opening  a  valve  at  the  bottom. 


Harris-Anderson  Water  Softener 

In  the  Harris-Anderson  apparatus,  carbonate  of  soda  and  lime 
sometimes  used  in  conjunction,  as  in  other  apparatus,  and  sometii 
lime  is  used  alone.  In  the  apparatus  employing  carbonate  of  soda, 
the  mixing  of  the  reagents  is  carried  out  by  special  apparatus,  quite 
different  to  any  of  those  that  have  been  described.  0'5  per  cent,  by 
volume  of  the  reagents  are  always  supplied  to  the  water  to  be  softened, 
no  matter  what  its  composition  may  be,  and  for  this  purpose  a  special 
apparatus,  known  as  a  distributor,  is  employed,  in  which  two  com- 
partments receive  J  per  cent,  of  the  total  flow,  and  two  others  491 
per  cent.  The  proportion  of  the  water  received  in  the  £  per  ct- 
comparUnents,  is  taken  to  an  apparatus  called  the  solutioner,  con- 
sisting of  four  cylinders,  one  inside  the  other,  with  a  wire  gauze 
cage  fixed  in  the  top  of  the  inner  cylinder.  The  cylinders  are  so 
arranged  that  the  water  to  be  softened  circulates  in  the  ftn^"l*» 
spaces  between  them,  taking  up  the  reagent  in  the  wire  gauze  cylinder 
on  its  way,  and  they  are  further  arranged  so  that  their  position  can 
be  altered  at  will,  so  that  the  speed  of  flow  cau  be  changed.  Follow- 
ing the  distributor  and  the  apparatus  for  mixing  the  solutions  of  the 
reagents,  comes  that  for  mixing  the  water  with  the  solutions  of  the 
reagents.  For  this  purpose  three  pairs  of  concentric  tubes  are  pro- 
vided, one  for  each  half  of  the  water  and  the  solution  of  reagents, 
and  the  third  for  the  two  halves  of  the  water  and  reagents  together. 
One  half  of  the  water  and  the  one  half  of  the  prepared  solution  of 
reagents  is  passed  down  the  centre  of  one  set  of  tubes,  and  up  through 
the  annular  space  between  them,  the  two  streams  from  the  two  halves 
then  join,  and  pass  down  the  central  tube  of  the  third  set,  and  up 
the  annular  space  between  the  two.  It  is  claimed  that  by  this  system 
of  concentric  tubes,  complete  mixing  of  the  solution  of  the  reagents 
in  the  first  place,  and  complete  mixing  of  the  water  with  the  solutions 
in  the  second  place,  is  carried  out  very  thoroughly. 

After  the  mixing  tubes  there  are  treatment  vessels,  consisting  of 
tanks  of  various  forms,  according  to  convenience,  through  which  KLe 
liquid  is  obliged  to  pass  in  a  circuitous  course,  by  the  aid  of  hurt: 
provided  for  the  purpose,  the  usual  precipitatjpn  taking  place  in  this 
vessel.  From  the  treatment  vessel  the  softened  water  passes  suc- 
cessively through  two  sets  of  wood-wool  filters.  It  is  claimed  that 
the  primary  filter,  as  it  is  called,  through  which  the  water  first  passes, 


BOILER    ACCESSORIES 


'93 


P*STE»CUTO4 


clarifies  it  thoroughly,  but  a  second  filter  is  added  to  make  sure.  The 
filters  require  cleaning,  the  primary  once  every  24  hours,  and  the 
secondaries  twice  a  week.  The 
fact  that  cleaning  is  required  is 
known  by  the  increased  pres- 
sure required  to  make  the  water 
pass  through  the  filter.  Fig. 
72  shows  diagrammatically  the 
course  of  the  water  to  be  puri- 
fied, and  Fig.  73  is  a  drawing 
of  the  apparatus,  showing  the 
different  vessels  through  which 
the  water  passes. 

When  lime  alone  is  used, 
one  compartment  of  the  dis- 
tributor is  arranged  with  a 
movable  wall,  enabling  the 
quantity  dealt  with  to  be  varied 
at  will.  The  water  from  this 
compartment  of  the  distributor 
is  carried  to  the  bottom  of  a 
tank,  of  moderate  depth,  charged 
with  a  mixture  of  slaked  lime 
and  water,  kept  in  motion  by 
a  blower  of  air.  The  lime  is 
slaked  in  a  separate  vessel,  and 
run  into  the  Ume  tank  as  milk 

of  lime,  the   spent  lime  having   been   previously   removed.     The 
remainder  of  the  arrangement  is  similar  to  that  already  described. 

Removing  the  oil  from  the  water  is  a  very  much  more  difficult 
matter.  It  is  partly  accomplished  by  the  use  oF  oil  separators,  of 
which  descriptions  are  given  below,  the  oil  separated  being  filtered 
id  used  again. 


Fig.  72.— Diagram  showing  the  course  of 
tho  Water  to  bo  purified  in  the  Horris- 
Andorson  Apparatus. 


Removing  the  Oil  from  the  Water 


■ 


Oil  Separators 


There  are  several  patterns  of  oil  separators,  all  of  which  are  con- 
structed on  very  much  the  same  lines.  They  usually  consist  of  a 
cylindrical  tank,  into  which  the  steam  is  allowed  to  enter  on  its  way 
to  the  condenser.  Within  the  tank  the  steam  is  usually  given  a 
more  or  less  circuitous  and  whirling  motion,  and  ia  made  to  pass 

0 
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through  j>erforated  baffle  plates,  each  of  which  arrests  some  of  the  oil 
as  tho  steam  passes  through,  and  it  is  claimed  that  all  oil  is  removed 
by  the  process. 

Fletcher's  oil  Boparator,  made  by  Messrs.  Royle,  consists  of  the 
usual  cylindrical  vessel,  with  an  inlet  for  the  steam  on  the  left, 


A& 


Pig.  73.— Drawing  showing  the  Harris-Anderson  Water-puriiying  Apparatus. 

an  outlet  on  the  right.  The  space  is  divided  by  a  horizontal  tube- 
plate  just  below  the  line  of  the  main  steam  pipes,  and  again  by  a 
vertical  division  extending  from  the  top  to  within  a  short  distance  of 
the  tube  plate,  and  by  another  vertical  division  between  the  tube 
plate  and  the  top  of  the  apparatus.     There  are*  tubes  passing  down 
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from  nearly  the  top  of  the  apparatus  through  the  tube  plate  into  the 
tank  below,  which  is  nearly  on  the  bottom  of  the  apparatus.  In 
the  right-hand  portion  there  are  also  tubes  held  by  the  tube  plate, 
leaving  a  free  space  above  and  below  them.  The  steam  entering 
is  accompanied,  it  is  found  in  the  inventor's  experience,  by  oil 
and  water,  these  keeping  to  the  lower  portion  of  the  entrance  pipe, 
and  being  carried  over  into  a  tube  on  the  left  of  the  apparatus, 
which  carries  them  to  the  bottom.  This,  it  is  claimed,  is  a  pre- 
liminary separation  of  the  oil  and  steam,  the  remainder  of  the 
apparatus  having  only  to  deal  with  the  oil  carried  over  in  the 
steam.  The  steam  passes  from  the  inlet  down  through  the  tubes 
in  the  left-hand  portion  into  the  water  in  the  tank,  where,  it  is 
claimed,  the  steam  is  further  cleansed  from  oil  The  steam  then 
bubbles  up  through  the  water,  passes  up  on  the  outside  of  the  tubes 
through  which  it  descended,  over  the  top  of  the  partition  between  the 
two  compartments,  down  over  the  outside  of  the  tubes  in  the  right- 
hand  compartments,  up  through  the  tubes  in  that  compartment,  and 
thence  to  the  outlet.  It  is  claimed  that  the  steam  spaces  within 
the  apparatus  being  large  compared  with  the  steam  pipe,  the  steam 
is  not  throttled  in  any  way. 


Cochrane  Vacuum  Oil  Separator 


In  this  apparatus,  which  is  made  by  the  Erith  Engineering  C 
the  oil  is  caught  in  its  passage  through  a  vessel,  whose  area  is  large 
in  proportion  to  the  pipe  that  brings  the  steam  to  it,  by  a  baffle  plate 
occupying  the  contre  of  the  area,  and  fitted  with  ribs,  a  sufficient 
annular  space  being  provided  all  round  the  baffle  plate  to  allow  of 
the  passage  of  the  steam  without  throttling.  The  apparatus  is  made 
both  for  fixing  in  vertical  and  horizontal  pipes,  and  the  idea  in  its 
construction  is  that  the  heavier  oil  globules  will  be  caught  by  the 
central  baffle  plate,  while  the  lighter  steam  will  pass  by  the  annular 
passage  at  the  aide. 


Reid  Oil  Separators 

In  the  Reid  oil  separator,  sectional  drawings  of  which  are  shown, 
in  Fig.  74,  there  is  the  usual  iron  cylinder,  the  steam  entering 
through  the  central  pipe,  which  is  at  first  slightly  contracted,  and  then 
opens  out  into  a  bell  mouth,  The  depositing  chamber  is  at  the 
bottom  of  the  cylinder,  and  there  is  a  battery  of  corrugated  iron  plates, 
arranged  radially,  suspended  vertically  between  two  dished  plates, 
occupying  an  annular  space  above  the  depositing  chamber.    The 
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Pio    74  —Vertical  and  Transverse   Section  ol  Reia'i  Oil   Separator.    The  81 
enteru  at  C.  passes  through  D  to  F,  and  then  up  botwecn  the  oorrugated  plaW* 
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sieam  passes  up  between  the  corrugated  plates  and  through  an  outlet 
pipe.  The  action  of  the  apparatus  is  as  follows :  The  velocity  of  the 
steam  being  reduced  by  the  bell-mouthed  enlargement  of  the  entry 
pipe,  while  the  velocity  of  the  oil  or  grease  particles  is  not  so  much 
affected,  the  latter  are  thrown  forward  ou  to  the  bottom  of  a  deposit- 
ing chamber.  This  cleanses  the  steam  to  a  large  extent  from  oil 
particles,  it  is  claimed,  and  the  remaining  particles  are  removed  by 
the  passage  of  the  steam  over  the  surfaces  of  the  corrugated  plates. 
The  inventor  claims  that  the  action  of  the  corrugated  plates  upon  the 
steam  is  similar  to  that  of  the  scrubber  in  a  gas-making  plant.  The 
oil  particles  are  caught  by  the  plates  and  run  down  into  the  de- 
positing chamber,  from  which  they  are  drained  off  in  the  usual  way. 


A  Steam  Exhaust  Head  and  Oil  Catcher 


It  is  sometimes  necessary  to  provide  some  means  of  preventing 
the  exhaust  steam,  where  engines  do  not  work  with  condensers,  and 
which  would  usually  be  delivered 
in  the  open  air,  from  being  thrown 
down  on  the  roofs  of  adjacent  build- 
ings, accompanied  by  the  oil  that 
has  been  carried  over  from  the 
engine  cylinders,  and  also  to  reduce 
the  noise  of  the  exhaust  steam  at 
each  stroke  of  the  engines,  that 
is  sometimes  objectionable.  There 
are  various  forms  of  exhaust  heads. 
One  is  shown  in  section  in  Fig. 
75,  made  by  Messrs.  Holden  and 
ke,  the  course  of  the  steam 
shown  by  the  arrows.  It 
will  be  seen  that  the  steam  enters 
by  the  inlet  pipe  at  the  bottom, 
passes  round  the  outside  of  the 
cup-shaped  vessel  in  the  centre, 
and  out  through  the  outlet  at 
the  top,  the  oil  and  condensed 
steam  being  deposited  upon  the 
different  surfaces  over  which  it 
passes. 


Fia.  76. — Messrs.  Holden  &  Brooke's 
Exhaust  Head  for  preventing  fine 
particles  of  Oil  being  carried  out  to 
the  neighbourhood. 


Special  Apparatus  for  Removing:  Oil 

There  are  two  kinds  of  apparatus  at  present  on  the  market  for 
removing  the  oil  from  exhaust  steam,  the  best  known  of  which  is  the 
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Harris  Anderson.  The  Harris  Anderson  apparatus  for  removing  oil 
is  very  similar  in  every  respect  to  that  for  softening  water,  except 
that  the  reagents  employed  are  carbonate  of  soda  and  sulphate  of 
alumina.  The  inventor  of  the  Harris  Anderson  apparatus  states  that 
he  has  found,  by  careful  microscopic  examination  of  condensed  water 
that  has  been  subjected  to  the  usual  separation  treatment  by  gravity, 
that  globules  of  oil  are  floating  about  in  the  water,  and  that  even  the 
filtration  by  the  very  closest  filtering  material  does  not  remove  them, 
After  oily  water  has  been  treated,  the  inventor  finds  that  the  globules 

of  oil  are  drawn  together. 
The  inventor  claims  that, 
by  the  addition  of  his  re- 
agents, and  by  the  work- 
ing of  his  process,  the  oil 
globules  are  caused  to 
coalesce,  and  can  then  l>e 
dealt  with  by  the  filters 
in  the  ordinary  way.  The 
working  of  the  apparatus 
is  practically  the  same 
that  of  the  water  softener. 


Davis-  Perrett's 

Electrical    Emul- 

sifier 

In  this  apparatus  com- 
pletely new  ground  has 
been  taken,  the  oil  being 
separated  from  the  water 
by  the  aid  of  electrii  : 
In  the  apparatus,  a  diagram 
of  the  connections  of  which 
is  shown  iu  Fig.  76,  the 
principal  portion  consists  of  a  number  of  wooden  tanks,  similar  to 
those  employed  for  electro-plating,  in  which  a  number  of  iron  or 
other  metallic  plates  are  suspended,  and  the  water  to  be  purified  is 
caused  to  pass  through  the  tanks  in  succession,  being  given  a  circuitous 
path,  so  that  it  is  obliged  to  pass  over  a  largo  area  of  the  plates.  The 
electric  current  splits  up  the  water  and  the  oily  substances  mixed 
with  it,  by  the  well-known  property  of  electrolysis,  and  a  flocculent 
precipitate  is  formed  from  the  components,  combined  with  the  oxides 
of  the  metals  over  which  the  water  has  passed,  the  precipitate 
easily  removed  afterwards  by  a  filter. 


-■■—  •■ — 


Fig.  76.  Diagram  of  Davis -Porrott's  Electrical 
Emnlsifier.  Tbe  Water  to  be  purified  is 
passed  through  the  Electrolytio  Tanka  and 
theu  through  the  Filter. 
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There  is  the  usual  preliminary  settling  tank  provided  with  tho 
Davis- Perrett  apparatus,  in  which  a  certain  quantity  of  the  grosser  oil 
particles  separates  out  by  gravitation  and  is  recovered,  the  remainder 
i  If  t)>»'  water  then  flowing  to  the  electrolytic  tanks.  After  the  electro- 
lytic tank,  the  treated  water  Hows  first  into  a  catch  tank,  where  a  certain 
further  precipitation  takes  place,  and  then  to  a  sand  filter.  Other  forms 
of  filter  are  also  provided  where  it  is  necessary,  and  the  water  then 
flows  from  the  bottom  of  the  filter,  through  a  sand  trap,  as  shown  in  the 
diagram,  to  the  hot  well.  The  makers  prefer  a  sand  filter,  as  it  is 
easily  cleaned  by  removing  the  upper  layer  of  sand.  The  plates  in 
the  electrolytic  tank  are  cleaned  automatically  by  reversing  the 
direction  of  the  current  through  them.  It  will  be  understood  that 
the  electrolytic  action  takes  place  principally  upon  one  set  of  the 
plates,  and  when  these  become  foul  the  reversal  of  the  current  looses 
the  scum  upon  them,  causing  it  to  float  to  the  surface,  where  it  can 
be  removed  by  skimming  in  the  usual  way.  The  following  are  tho 
spaces  occupied  by  apparatus  for  treating  different  quantities  : — 


For  10O0  gallons  por  Lout  100  square  foot  floor  space  x  16  feet  to  20  feet  high 


3000 

ii 

..        1«> 

4000 

•► 

,i        336 

8000 

•' 

..        290 

Superheating  the  Steam 


; 

Superheaters  perliaps  belong  properly  to  the  domain    of  steam 
engines,  but  they  are  usually  combined  directly  with  boilers,  and 

I  therefore  will  be  described  here,  and  their  use  discussed.  It  was 
explained  in  the  first  chapter  that  when  steam  is  formed  from  the 
water  in  a  boiler,  it  carries  over  with  it  into  the  steam  space  tninutu 
particles  of  water.  The  water  so  carried  forward  is  sometimes  in  the 
form  of  vapour,  sometimes  simply  in  the  form  of  finely  divided  water, 
but  in  all  cases  has  absorbed  a  very  much  smaller  quantity  of  heat 
than  the  steam  by  which  it  is  held  in  suspension.  The  water  particles 
and  the  vapour  particles  are  held  in  suspension  in  the  steam,  very 
much  as  dust  is  held  in  the  air,  and  as  the  mechanical  particles 
mentioned  are  held  in  water.  When  the  steam  containing  these 
particles  of  water  enters  a  steam  cylinder,  the  temperature  of  the 
walls  of  which  are  lower  than  that  of  the  steam  itself,  if  the  engine  is 
working  expansively,  as  will  be  explained,  the  temperature  of  tho 
whule  of  the  steam  being  lowered,  its  ability  to  hold  the  water  in 
suspension  is  lowered,  and  the  particles  of  water  are  deposited  upon 
the  walls  of  the  cylinder,  taking  heat  from  them  at  a  later  portion  of 
the  stroke,  to  the  disadvantage  of  the  efficiency  of  the  engine. 

To  avoid  this,  the  steam  after  it  has  left  the  steam  space  in  the 
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boiler,  and  therefor©  when  it  is  out  of  contact  with  the  water 
from  which  it  was  formed,  is  exposed  to  further  heating,  either 
from  the  hot  gases  of  the  boiler  furnace  itself,  or  from  the  hot 
gases  of  a  separate  furnace  arranged  fur  ihe  purpose.  In  either  case 
the  steam  is  made  to  pass  through  a  number  of  small  pipes,  between 
which  the  steam  is  split  up,  the  outside  of  the  pipes  being  exposed  to 
the  heat  of  the  hot  gases,  and  the  result  is  the  steam  is  dried.  That 
is  to  say,  the  particles  of  water  and  watery  vapour  that  are  held  in 
suspension,  are  converted  into  steam  at  the  same  temperature  as  that 
in  which  they  are  held,  and  the  steam  passes  on  to  the  engine  free 
from  the  presence  of  any  watery  vapour,  if  the  superheating,  as  it  is 
called,  has  been  properly  done. 

The  amount  of  superheat  arranged  in  different  cases  varies  from 
100°  F.  to  30(F  F.,  150°  F.  being  a  common  figure,  and  it  is  understood 
that  the  whole  of  the  steam  passing  through  the  superheater  has  its 
temperature  raised  by  that  numbor  of  degrees,  the  water  and  water.' 
vapour  carried  in  suspension  being  raised  to  steam  at  the  final 
temperature.  The  quantity  of  heat  required  to  perform  the  operation 
of  superheating  evidently  depends  upon  the  quantity  of  water  and 
watery  vapour  present.  This  has  been  determined  by  the  principal 
boiler  makers,  and  their  superheaters  are  constructed  to  furnish  the 
largest  quantity  of  heat  that  may  be  required,  under  the  worst  con- 
ditions of  moisture  present.  It  should  be  mentioned  incidentally  thai 
watery  vapour  is  more  readily  carried  over  with  the  steam  when 
boilers  are  forced,  and  that  it  is  claimed  by  advocates  of  Lancashire 
and  similar  boilers  thaL  water-tube  boilers,  though  they  will  raise 
steam  very  readily,  are  subject  to  this  action  of  priming  when  the 
boilers  are  forced.  The  quantity  of  watery  vapour  present  in  the 
steam  is  estimated  by  means  of  an  apparatus  designed  for  the  pur- 
pose, called  a  calorimeter,  the  operation  of  which  consists  either  in 
separating  the  water  carried  by  the  steam  from  it,  in  a  sensitive 
apparatus  arranged  for  the  purpose ;  or  in  estimating  the  moisture 
present  in  a  measured  quantity  of  steam  by  forcing  it  through  a 
.small  passage,  leading  from  a  higher  to  a  lower  pressure,  and 
measuring  the  degrees  of  superheat  given  to  the  steam.  When 
moisture  is  present  the  superheating  will  be  less  by  tho  heat  absorbed 
by  the  moisture, 


Forms  of  Superheating  Apparatus 

The    Babcock    Wilcox. — The    Babcock    Wilcox    superheat 
which  is  shown  in  Plate  5a,  in  connection  with  the  boiler,  consists 
of   a  number  of  JJ-tllD€s  ^ed  horizontally,  immediately  below  t 
steam  drum.     As  will  be  seen,  there  is  a  baffle  below  the  lo 
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portion  of  the  superheater,  and  it  is  exposed  to  the  full  force  of  the 
hot  gases  rising  diroctly  from  the  furnace. 


Fio.  77. — Tinker's  Supcibeuter,  as  fitted  to  a  Lancashire  Boiler.  Tbe  Steam  to  tw 
heated  passes  through  the  Coils  of  Pipes  shown,  the  Pipes  being  fixed  in  the 
Path  of  the  Hot  Gases  from  the  Boiler  Flues  to  the  Chimney. 

The  Stirling  Superheater. — The  Stirling  superheater  is  shown 
in  Fig.  12,  and,  as  will  be  seen,  consists  of  a  number  of  tubes,  fixed 
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between  two  smaller  drums,  the  tubes  lying  in  the  space  between  the 
foremost  and  second  bank  of  the  boiler  tubes,  so  that  they  are  subject 
to  the  hot  gases  in  the  earlier  portion  of  their  travel. 


Fig.  78. — Schmidt's  Superheater  arranged  for  beating  by  Boiler  Flue  Gates.    It 
shown  at.  the  back  of  a  Lancashire  Boiler. 

The   Nesdrum   Superheater.— The  Nesdrum  superheater 
sists  of  a  number  of  tubes  of  a  zigzag  form,  fixed  between  the  si 
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Fig.  79.— Longitudinal  aud  Transverse  Section  of  Schmidt's  Superheater,  arrangod 
for  direct  tiring.    The  Furnace  for  the  Superheater  ia  shown  below. 


drum  and   the  exit  steam  pipe,  the  tubes  lying  in  the  rear  sj 
between  the  vertical  tubes  mid  the  next  Ixuik  in  front  of  them. 
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The  Sinclair  Superheater — The  Sinclair  superheater 
of  U-tubes,  fixed  vertically  in  a  space  provided  for  them  at  the 
back  of  the  boiler,  on  the  way  to  the  chimney,  by  meant  of  a  baffle 
in  front  of  the  rear  wall  They  receive  heat  from  the  hot  gases  after 
they  have  done  their  work  upon  the  whole  of  the  boiler  tabes. 

The  Galloway  Superheater.— The  Galloway  superheater  is 
arranged  to  be  fixed  in  the  downlake  a:  the  back  of  Galloway  and 
other  Lancashire  boilers,  so  that  it  is  subjected  to  the  hot  gases 
immediately  after  they  leave  the  main  boiler  fines.  It  consists  of 
a  number  of  U-tubee,  connected  to  a  top  plate,  to  which  the  steam 
is  led  from  the  boiler,  and  from  which  it  is  taken  after  having 
passed  through  the  tubes. 

The  Tinker  Superheater. — The  Tinker  superheater,  which  is 
shown  in  Fig.  77,  consists  of  two  banks  of  tubes,  approximately  of  {J 
form,  fixed  vertically  in  the  downtake  of  Lancashire  boilers,  the  steam 
naming  through  the  two  sets  in  succession,  and  the  superheater  pipes 
being  subjected  to  the  hot  gases  in  a  similar  manner  to  the  Galloway. 
The  Schmidt  superheater,  made  by  Easton  and  Co.,  is  arranged  for 
heating  from  the  flue  gases,  as  shown  in  Fig.  73,  or  for  separate  firing, 
as  shown  in  Fig.  79.  It  consists  of  grids  of  pipes  fixed  horizontally' 
the  flue  gases  passing  up  between  the  pipes. 


Steam  Separators 

The  steam  separator  is  another  auxiliary  apparatus  that  has  beeu 
introduced  for  the  purpose  of  drying  the  steam,  when  superheaters  are 
not  employed,  and  also  for  removing  any  watery  vapour  that  may  be 
present  in  other  positions,  and  preventing  it  going  into  the  steam 
engine.     They  are  all  arranged  on  something  the  same  lines,  the 
principle  of  which  is,  the  bringing  into  play  the  force  of  gravity 
acting  upon  the  greater  weight  of  the  watery  particles,  and  musing 
them  to  be  deposited.     Steam  separators  are  very  similar  in  many 
respects  to  some  of  the  oil  separators  that  have   been  described 
They  consist  usually  of  a  vessel,  into  which  the  steam  is  carried  and 
in  which  it  is  given  a   more  or  less  circuitous,  and  sometimes  a 
whirling  path,  and  m  which  there  are  a  certain  number  of  batSe 
plates,  these  latter  arresting  the  watery  particles  while  the  steam 
passes  on,  the  water  draining  to  the  bottom  of  the  vessel  and  being 
removed  by  a  cock  provided  for  it. 

The  Marriot  Steam  Separator.— In  this  apparatus,  which  is 
intended  for  separating  od,  water,  dirt,  and  grease  from  the  steam 
there  is  the  usual  vertical  cylinder,  surmounted  by  a  cylindrical 
casting,  with  inlet  and  exit  pipes  for  the  steam,  "in  the  central 
portion  of  the  upper  vessel,  and  the  chamber  below,  a  number  of 


204    STEAM  BOILERS,  ENGINES,  AND  TURBINES 


iron  rods  of  various  sections  are  fixed  vertically,  and  the  idea  of  the 
inventor  is,  that  the  steam  passing  through  the  apparatus  will  he 
diverted  by  the  outer  edges  of  the  rods,  and  that  a  cushion  of  steam 
will  be  left  in  the  concave  spaces  into  which  water,  oil,  and  other 
impurities  will  be  thrown,  the  steam  escaping  past  them  to  the  outlet, 
and  the  water  and  oil,  etc.,  trickling  down  to  the  bottom  of  the  vessel, 
whore  they  are  run  off  in  the  usual  way.     Fig.  SO  shows  the  sit 


Pio.  80.—  The  Sims  Steam  Separator,  lor  fixing  in  a  Horizontal  Pipe.  F 
Deflector  arranged  for  the  Steam  to  bo  thrown  against,  and  E  is  a  Well 
which  the  separated  Water  drains. 

steam   separator,  an   American  apparatus.      The  steam  is  given 
whirling  motion  inside  the  apparatus,  and  is  thrown  up  against 
deflectors  shown,  the  water  being  left  there,  and  draining  down  into 
the  well  below. 


Evaporators 


The  evaporator  is  another  auxiliary  apparatus,  employed  pri 
cipally  on  board  ship,  where  it  is  of  such  great  importance  that  the 


. 
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feed  water  shall  be  absolutely  pure,  to  make  up  the  waste.  In 
steam  engine  practice,  whore  condensers  are  employed,  the  water 
from  which  the  steam  was  generated  in  the  boiler  again  becomes  water 
in  the  condenser,  as  explained  later,  and  is  used  in  many  cases, 
nearly  always  on  board  ship,  for  feeding  the  boiler.  But  there  is 
always  a  certain  small  loss  between  the  steam  which  leaves  the 
boiler  and  the  water  which  re-enters  it  after  having  done  its  work  in 
the  engine,  and  been  condensed.  There  is  nearly  always  a  certain 
amount  of  leakage  of  steam  at  different  parts  of  the  engine  system. 
There  is  also  a  certain  amount  of  loss  by  condensation,  the  water  so 
formed  being  drained  off  by  steam  traps  provided  for  the  purpose, 
and  being  lost  so  far  as  the  steam  system  is  concerned.  Hence  a 
certain  quantity  of  fresh  water  is  required  to  make  up  the  loss,  and 
this  is  provided  in  modern  steamships  by  the  aid  of  an  evaporator. 
Evaporators  are  of  various  forms,  but  all  conform  to  certain  conditions. 
In  all  of  them  there  are  two  parts  to  the  apparatus,  one  in  which  sea 
water,  or  the  water  that  is  to  be  employed  for  making  up,  is  caused 
to  evaporate  at  very  low  pressure,  and  the  other  in  which  the  vapour 
so  formed  is  recondensed  into  water  and  carried  off  to  the  hot  well  or 
to  the  boiler. 

High-pres9ure  steam  is  employed  as  the  heating  agent  in  that 
portion  in  which  the  water  is  evaporated.  In  one  such  apparatus, 
made  by  Messrs.  Koyle,  steam  is  passed  through  tubes,  while  the 
water  surrounds  them,  and  is  formed  into  vapour.  Tho  upper  portion 
of  the  apparatus  is  a  condenser,  to  which  the  vapour  formed  in  the 
evaporator  rises,  and  where  it  passes  through  tubes,  around  which 
cold  water  is  circulated,  the  vapour  being  then  formed  into  distilled 
water. 

Tin*  apparatus  is  also  employed  for  distilling  water  for  drinking, 
etc.,  on  board  ship,  if  tho  supply  gives  out.  Plate  10a  shows  an 
evaporator  made  by  the  Central  Engineering  Co.,  Hartlepool.  Fig.  81 
is  a  sectional  diagram  of  Weir's  vertical  type  of  evaporation. 


Apparatus  for  Testing  the  Flue  Gases  in  the 

Chimney 

In  recent  years  sources  of  economy  in  steam  and  coal  have  been 
considerably  multiplied,  but  it  has  been  felt  that  some  means  is 
necessary  for  checking  the  results.  Thus,  good  boilers,  mechanical 
stokers,  good  draught,  and  everything  that  is  necessary  to  economy 
may  be  provided,  and  yet  from  certain  causes  the  results  may  not  be 
as  economical  as  would  be  hoped,  and  every  means  of  testing  the 
results,  and  every  means  of  testing  from  point  to  point  of  the  steam 
system,  is  of  value.     In  modern  plant  the  coal  is  all  weighed  into 
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Pio.  81. — Sectional  Drawing  of  Weir's  Vertical  Evaporator,  with  the  lower  portion 
open.  The  Water  is  evaporated  in  the  lower  portion  and  reeondeoged  in  the 
upper  portion. 
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the  hopper  of  the  boiler  furnace,  the  water  ia  usually  measured,  so 
that  a  chock  is  kept  upon  the  consumption,  and,  in  addition,  the 
apparatus  to  be  described  has  been  designed  for  testing  the  fuel  gases 
in  the  chimney.  It  was  explained  in  the  first  chapter  that  a  certain 
quantity  of  air  must  be  supplied  for  each  pound  of  fuel  that  is  to  be 
burned,  because  that  quantity  of  air — 12  lbs,  at  average  temperatures 
— will  furnish  the  necessary  quantity  of  oxygen  to  completely 
oxidise  the  pound  of  carbon  to  carbonic  acid.  It  follows  from  this 
that  if  exactly  the  right  quantity  of  air  is  furnished,  and  if  the  whole 
of  the  oxygen  combines  with  the  whole  of  the  carbon,  assuming  that 
only  carbon  is  present,  the  resultant  gases  must  consist  of  nitrogen 
and  carbonic  acid,  in  the  same  proportion  as  the  air  consisted  of 
nitrogen  and  oxygen,  or  the 
carbonic  acid  present  must  be 
21  per  cent  of  the  resultant 
gases.  It  was  also  pointed 
out  that  it  is  not  possible  to 
work  with  the  exact  quantity 
of  air  that  will  furnish  the 
correct  quantity  of  oxygen. 
More  frequently  double  the 
quantity  of  air  is  provided, 
and,  in  addition,  coal  is  not 
all  carbon.  It  often  contains 
some  uncombined  hydrogen  ; 
and  it  also  contains  other 
substances,  known  generically 
as  ash.  It  is  found,  however, 
that  a  test  of  the  fuel  gases, 
to  show  what  percentage  of 
carbonic  acid  is  present,  is 
also  an  approximate  test  of 

the  way  in  which  combustion  is  going  on  in  the  boiler  furnace. 
With  ail  the  carbon  combined  with  oxygen,  and  with  no  surplus 
air,  and  with  no  other  substances  present,  the  fuel  gases  should  snow 
21  per  cent,  of  carbonic  acid.  At  the  other  end  of  the  scale,  if  none 
of  the  carbon  combines  with  oxygen  no  carbonic  acid  will  be  formed. 
Obviously,  between  these  two  there  are  various  degrees,  and  in  the 
curve  shown  in  Fig.  82  the  various  possible  percentages  of  COa 
present  in  the  fuel  gases  have  been  plotted,  and  with  them  the 
percentages  of  loss  of  fueL  The  ordinates  represent  percentages  of 
COa,  an<^  tne  abcissae  represent  percentages  of  fuel  lost  At  the 
origin  no  fuel  is  lost,  and  at  the  end  of  the  curve  of  course  the 
whole  of  the  fuel  is  lost.  It  will  be  noticed  that  the  curve,  which 
is  parabolic,  rises  very  steeply  for  a  certain  portion,  and  then  turns 
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rather  rapidly,  the  meaning  of  this  being  that  the  percentages  of  loss 
of  fuel  increase  very  slowly  with  decreased  percentages  of  carbonic 
acid,  down  to  12  per  cent,  of  COfl,  after  which  the  losses  increase 
rapidly.  It  is  stated  that  a  loss  of  12  per  cent,  of  fuel,  correspond- 
ing to  a  percentage  of  15  per  cent  of  COj,  is  the  best  result  obfci 
able  in  practice,  while  results  such  as  from  7  to  8  per  cent,  of  CO* 
meaning  losses  of  from  22  to  25  per  cent,  of  fuel,  are  very  common. 


The  Sarco  Automatic  C03  Recorder 


The  Sarco  apparatus  is  intended  to  note  on  a  chart  provided  for 
the  purpose,  the  percentago  of  C03  in  the  fuel  gases  from  hour  to 
hour,  so  that  the  actual  working  of  the  boilers,  and  the  attention 
the  furnaces  have  received,  can  be  checked  from  time  to  time. 

There  are  two  forms  of  the  apparatus,  one  worked  by  water  and 
the  other  by  the  fuel  gases  themselves.  Both  are  arranged  to  furnish 
a  definite  quantity  of  the  fuel  gases  at  certain  definite  intervals,  as 
may  be  arranged  by  the  engineer.  In  both  there  is  a  pipe  connect- 
ing  the  end  of  the  flue,  or  the  beginning  of  the  chimney,  at  any 
convenient  point,  with  the  apparatus,  the  connection  being  made  by 
a  piece  of  flexible  gas  tube,  and  there  is  practically  a  pump  worked 
either  by  the  fuel  gases  or  by  water,  drawing  a  certain  quantity 
gases  passing  at  the  moment  into  the  apparatus,  the  connection  to 
the  flue  being  closed  as  soon  as  the  required  quantity  has  been  drawn 
off,  and  automatically  reopened  as  soon  as  measurement  has  take* 
place.  The  measurement,  as  explained,  is  of  the  percentage  of  C0| 
in  the  flue  gases,  and  it  is  accomplished  by  the  absorption  of  the 
C03  contained  in  the  sample  of  the  gases  drawn  off  at  each  stroke  of 
the  pump,  the  amount  absorbed  being  measured  on  a  scalo,  and  at 
the  same  time  a  pencil  marking  the  quantity  on  a  chart,  in  the  form 
of  a  vertical  line,  as  Bhown.  The  pump  in  which  flue  gases  an 
employed  is  very  similar  to  ono  of  the  forms  of  pump  used  for 
compressing  illuminating  gas  for  use  in  high-pressure  burners.  It 
consists  of  a  cylinder  with  a  second  cylinder  fixed  concentrically 
inside  it,  the  cylinder  and  the  annular  space  being  filled  with  water 
to  a  certain  height,  and  a  bell,  similar  to  that  employed  in  gaso- 
meters but  \eiy  much  smaller,  dipping  into  the  water,  forming  the 
usual  water  seal.  From  the  top  of  the  bell  a  rope  passes  over  a 
pulley  above,  and  is  secured  to  a  counter-weight,  the  counter-weight 
also  being  attached  on  its  under  side  to  a  bottle  filled  with  glycerine 
and  water,  and  forming  a  part  of  the  testing  apparatus.  A  tube  is 
connected  to  the  inside  of  the  bell,  and  by  means  of  a  pipe,  forming 
part  of  it,  to  the  flue  gases,  the  connection  being  made  by  a  flexible 
tube.    The  pressure  in  the  flue  being  less,  it  will  be  remembered, 
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than  the  atmosphere  outside,  when  connection  is  made  between  the 
inside  of  the  bell  and  the  flue,  the  air  in  the  bell  is  drawn  out,  the 
bell   then   sinking    in 

■  the  containing  vessel, 
and  drawing  down 
the  counter  -  balance 
weight  and  revolving 
the  pulley  above.  The 
pulley  carries  two 
studs,  which  are  alter- 
nately brought  into 
contact  with  a  lever 
just  below  the  pulley, 
which  controls  a  valve, 
closing  and  opening 
the  connection  between 
the  flue  and  tho  bell. 
When  the  bell  has 
fallen  to  a  certain 
depth,  connection  with 
the  flue  is  shut  off,  and 
air  is  admitted  to  the 
bell,  causing  it  to  rise, 
the  pulley  revolving 
in  the  opposite  direc- 
tion, bringing  tho  other 
stud  into  contact  with 
the  lever,  throwing 
open  the  valve  leading 
to  the  flue  gases,  shut- 
ting^ theatinosphere, 
and  opening  a  passage 
to  the  flue.  The  bell 
now  falls  again,  and 
so  on.  On  the  right 
of  the  apparatus,  as 
shown  in  Fig.  83,  are 
two  smaller  pumps, 
worked  by  one  rope 
or  wire,  passing  over  a 
smaller  pulley  carried 
on  the  same  axle  as 

the  pulley  moved  by  the  bell,  and  also  over  the  two  guide  pulleys, 
as  shown.  The  two  smaller  pumps  are  arranged  on  the  same  lines 
as  the  larger  one,  but  they  have  oil  seals  instead  of  water  seals,  and 


Pio.  83.— Sectional  Elation  of  "Sarco"  Flue  Gm 
Tenting  Apparatus,  niado  by  Mesara.  Bandore, 
lU'luler  &  Go, 
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their  office  is  to  pump  gas  from  the  flue  into  the  measuring  apparatus 
shown  in  the  diagram  in  Fig.  83.  The  measuring  apparatus  con- 
sists of  a  system  of  tubes,  in  connection  with  the  lower  part  of  4 
bottle  containing  glycerine  and  water  that  is  carried  by  the  counter- 
balance weight.  As  the  pump  rises  and  falls,  and  the  small  pumps 
rise  and  fall,  the  gas  is  pumped  alternately  into  these  tubes,  from 
which  it  passes  over  into  a  conical  vessel  tilled  with  caustic  pol 
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Fig.  84. — Diagram  of  the  Simmanco  and  Abady  Flue  Gas-testing  Apparatus. 


Caustic  potash  has  the  property  of  absorbing  CO*,  and  evidently 
quantity  of  gas  present  will  be  less  by  the  amount  of  C02  absorl 
The  tubes  mentioned,  and  another,  are  arranged  so  that  a  derinite 
quantity  of  the  gases — 100  cubic  centimetre — are  taken  for  measure- 
ment at  each  Btroke  of  the  pump,  and  the  quantity  of  COa  present  is 
shown  by  the  position  of  a  small  tube,  which  works  a  lever,  at  one 
end  of  which  is  a  counter-balance,  and  at  the  other  end  a  rod  carry- 
ing a  pencil,  which  moves  up  and  down  over  the  chart.     The  chart 
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revolved  in  the  usual  way 
merely  straight  lines,  whoso  e 
In  the  Sarco  apparatus, 
known  as  type  P.,  which  is 
the  form  shown  in  Fig.  83, 
the  arrangement  is  very  simi- 
lar, bat  rather  more  compact, 
and  the  pump  is  worked  hy 
water.  Clean  water  is  re- 
quired, though,  providing  it 
is  clean,  any  kind  of  water 
will  do;  and  from  2  to  5 
gallons  per  hour  are  required 
to  drive  the  machine,  accord- 
ing to  the  speed  at  which  it 
is  operated.  The  water  must 
have  a  head  of  about  2  feet 
in  order  to  operate  the  appa- 
ratusf  and  may  he  used  over 
and  over  again. 


The  Simmance  and 
Abady  COj  Recorder 


In  this  apparatus,  which 
is  made  by  Messrs.  Alexander 
Wright  &  Co.,  a  diagram  of 
which  is  shown  in  Fig.  84, 
the  arrangement  is  very  simi- 
lar in  principle,  but  the  motor 
which  pumps  the  flue  gases 
into  the  apparatus  is  always 
worked  by  water,  and  the 
general  arrangement  is  rather 
simpler  than  that  of  the 
Sarco.  The  quantity  of  flue 
gas  taken  from  the  flues  is 
measured,  as  in  the  Sarco 
apparatus,  by  filling  a  vessel 
of  a  certain  capacity  at  each 
stmke  of  the  pump,  the 
working  of  the  apparatus  being  automatic 
termed  by  the  inventors,  is  different  from 
is  shown  at  R  in  the  figure, 


by  clock-work,  and  the  indications  arc 
dges  form  a  curve. 


The  analyzer,  as  it  is 

that  in  the  Sarco.    It 

and  consists  of  an  inverted  cylinder, 
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passing  into  a  tank  filled  with  caustic  potash,  this  forming  the  usual 
seal,  and  the  bell  contains  a  number  of  concentric  tubes  in  communi- 
cation with  each  other,  their  surfaces  being  wetted  with  the  Drastic 
potash  solution.  The  flue  gases  to  be  measured  are  made  to  pass 
into  the  bell,  and  over  the  whole  of  the  surfaces  of  the  OOnoeiitric 
tubes,  and  the  quantity  of  COa  absorbed  is  moasured  by  the  amount 
the  bell  falls,  this  being  marked  on  the  scale  S,  shown  on  the  right, 
and  also  by  a  line  on  the  chart,  as  with  the  Sarco.  Fig.  85  shows 
two  charts  taken  with  the  Simmauce  and  Abady  apparatus. 


The  Orsat  Apparatus  for  Flue  Qas  Analysis 

This  apparatus  is  designed  for  a  more  accurate  analysis  of  tbfl 
flue  gases,  but  it  does  not  give  a  continuous  record,  as  the  others  that 
have  been  described  do.  It  has  three  absorbing  apparatus,  designed 
to  absorb  carbonic  acid,  oxygen,  and  carbonic  oxide,  the  absorption  of 
these  forming  a  complete  analysis  of  the  flue  gases.  It  will  be 
evident  that  while  the  apparatus  that  have  been  described  for  giving 
a  continuous  record  of  the  carbonic  acid  present  in  the  flue  gases, 
forms  a  very  valuable  check  upon  the  stoking  and  the  working  of 
the  boilers  generally,  it  is  not  so  complete  as  the  analysis  which 
gives  the  full  percentage  of  the  other  gases  present.  In  the  vessel 
that  is  to  absorb  carbonic  acid,  a  solution  of  caustic  potash  is  held, 
made  by  dissolving  one  part  by  weight  of  caustic  potash  in  2^ 
parts  of  water ;  in  that  for  oxygen,  pyrogallol,  made  by  dissolving 
one  part  by  weight  of  pyrogallic  acid  in  two  parts  of  hot  water,  and 
three  parts  of  the  caustic  potash  solution  made  for  the  absorption 
of  COg.  In  the  vessel  for  absorbing  carbonic  oxide,  a  solution 
cuprous  chloride  is  held,  made  by  dissolving  one  part  by  weight  of 
cuprous  chloride  in  seven  parts  of  hydrochloric  acid,  adding  two 
parts  of  copper  clippings,  allowing  to  stand  for  twenty-four  houi 
and  then  adding  three  parts  of  water, 

As  in  the  other  apparatus  described,  exactly  100  cubic  centi- 
meters of  the  flue  gases  are  drawn  for  examination,  and  are  passed 
into  a  graduated  measuring  burette.  The  measuring  burette  is 
surrounded  by  a  vessel  of  water,  so  that  the  temperature  of  the  gas 
in  the  burette  may  be  maintained  constant.  The  lower  part  of  the 
burette  is  connected  to  a  bottle  by  a  flexible  tube,  and  the  gases  tat 
drawn  into  the  burette,  and  thence  forced  into  the  absorption  vessels 
in  succession,  by  raising  and  lowering  the  bottle,  and  opening  On 
cocks  leading  to  the  different  vessels  iu  succession.  For  rapid  worl 
an  aspirator  must  be  employed  to  draw  the  gas  into  the  apparatus. 


* 


CHAPTER   IV 
THE  STEAM  ENGINE 

The  Reciprocating  Steam  Engine 

Toe  term  *  reciprocating  "  is  employed  to  distinguish  what  was  pre- 
viously known  simply  as  the  steam  engine  from  the  turbine,  which 
is  also  a  steam  engine,  but  in  which  the  moving  parts  do  not  recip- 
rocato.  In  the  reciprocating  engine,  as  usually  understood,  there  are 
one  or  more  hollow  cylinders,  closed  at  each  end,  in  each  of  which  h 
solid  short  cylinder,  called  the  piston,  reciprocates,  or  movos  to  and 
fm,  the  reciprocating  motion  being  communicated  from  the  piston  to 
a  rod,  fixed  in  its  ccntro,  and  projecting  through  a  hole  provided  for 
it  in  one  end  nf  the  cylinder,  and  from  it  usually  to  a  crank  shaft. 
In  nearly  all  forms  of  reciprocating  engines,  the  steam  is  admitted 
alternately  on  each  side  of  the  piston.  When  admitted  on  one  side 
of  the  piston,  the  piston  is  forced  forward  to  the  other  end  of  tho 
cylinder,  carrying  the  piston-rod  with  it,  and  on  its  arrival  there, 
steam  is  admitted  to  the  other  side,  and  it  is  then  forced  back  to  the 
end  of  the  cylinder  from  which  it  started,  steam  being  then  admitted 
to  the  side  against  which  it  first  pressed,  and  so  on ;  the  to  and  fro 
movement  continuing  as  long  as  the  steam  is  available,  the  admission 
valves  are  working  properly,  and  the  work  in  front  of  the  engine  is 
not  greater  than  the  steam  can  accomplish. 

There  are  a  few  forms  of  single-acting,  reciprocating  engines,  a 
notable  example  being  the  Willans,  which  is  described  on  p,  232. 
In  the  old  Cornish  pumping  engines  also,  which  held  their  own  for 
economy  in  steam  against  other  forms  of  engines  employed  for  pumping 
up  till  very  recently,  the  steam  was  admitted  only  on  the  under  side 
of  the  piston,  the  cylinder  being  fixed  vertically,  and  the  piston  being 
moved  upwards  by  the  force  of  the  steam,  and  being  allowed  to 
descend  by  the  force  of  gravity,  aided  by  the  fact  that  the  steam 
under  tho  piston  was  condensod,  and  thercforo  the  pressure  below  the 
piston  was  reduced  considerably  below  that  of  the  atmosphere.  As 
the  cylinders  were  made  very  large,  6  and  8  feet  in  diameter,  the 

=  '3 


2i4     STEAM    BOILERS,    ENGINES,    AND   TURBINES 


effect  r»f  the  difference  between  the  pressure  of  the  atmosphere 
that  of  tin-  [liirlid  vacuum  uuder  the  piston,  was  considerable. 

In  the  early  forms  of  steam  engines,  the  steam  was  admitted  to 
the  cylinder  withoufany  attempt  at  what  is  called  working  expan- 
sively. Practically  the  action  of  the  steam  in  those  days,  and  in 
some  old  engines  even  up  to  the  present,  is  the  same  as  that 
water  in  a  reciprocating  water  engine. 

The  steam  was  continuously  generated  in  the  boilers,  and  as  long 
as  the  "stop  valve"  leading  to  the  steam  chest  of  the  engine  was 
open,  the  steam   merely  pushed  the  piston  from  one  end   of  the 
cylinder  to  the  other,  and  back  again.     This  arrangement  holds  eve 
yet  in  some  forms  of  steam  pumps,  but  for  the  majority  of  stea 
engines,  expansive  working    has    lieen   introduced,  and    gradual), 
increased.     It  will  easily  be  understood  that  if  the  steam  cyliu 
is  open  to  the  boiler,  during  the  whole  of  its  stroke,  it  will 
cylinder  full  of  steam,  less  the  space  occupied  by  the  piston,  at  each 
stroke ;  while  the  steam  which  is  ejected  from  the  cylinder  ou  the 
return   stroke,  will  contain   a   large   portion   of    the  energy  with 
which  it  entered  the  cylinder,  and  unless  it  is  condensed,  will  offer 
a  considerable  resistance  to  the  return  of  the  piston,  so  that  there 
a  waste  of  steam,  and  of  coal,  from  both  causes.     If  in   place  0 
allowing  the  valve  controlling  the  entrance  of  the  steam  on  each 
side  of  the  piston  to  be  open  during  the  whole  of  the  stroke,  it  n 
closed  when   the  piston  has  made  half  the  stroke,  it  will  be  BvidenJ 
that  if  the  steam  is  able  to  complete  the  stroke  of  the  piston,  t 
work  will  have  been  accomplished  by  the  use  of  only  half  the  qu 
ii'y  of  steam,  and  the  pressure  resisting  the  return  of  the  pis  to 
will  be  considerably  decreased.     In  expansive  working,  this  is  wha 
i3  done.     The  entrance  of  the  steam  to  the  cylinder  is  cut  off  at 
varying  points  of  the  stroke,  at  ;J,  J,  j| ,  J,  down  to  ^fl.     The  steam 
is  expanded  as  many  times  in  the  passage  of  the  piston  to  the  end 
of  the  stroke,  as  the  cut-oft'  is  proportionate  to  the  whole  of  the 
stroke.      Thus,   with   cut-off  nt   half  stroke,  the  steam  is  expanded 
twice,  or  to  twice  its  volume.     With  steam  cut  off  at  },  it  is  expanded 
four  times,  with  cut-off  at  j\j  it  is  expanded  ten  times,  and  so  o 
As  explained,  the  remaining  work  of  forcing  the  piston  to  the  end 
its  stroke  is  performed  by  the  expansion  of  the  steam.     It  will  be 
remembered  that  with  gases — and  for  this  purpose  steam  may  be  con- 
sidered as  a  gas — the  equation  pv  =  a  constant,  rules.     That  is  to  mi 
if  the  volume  is  increased,  the  pressure  is  decreased  in  the  same  j 
portion.     Thus,  when  the  steam  is  out  off  at  half  stroke,  and  the 
space  occupied  by  the  steam  at  the  end  of  the  stroke  is  double  tha 
occupied  when  cut  off,  the  pressure  at  the  end  of  the  stroke  will 
half  that  at  which  it  was  cut  off.     When  the  steam  is  cut  off  at 
stroke,  the  pressure  will  be  £  that  figure  at  the  end  of  the  s 
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1  on.  But  llie  working  pressure,  that  operating  to  force  the 
piston  through  tho  remainder  of  the  stroke,  after  steam  is  cut  off, 
will,  it  is  evident,  be  a  gradually  decreasing  one,  as  the  pressure 
gradually  decreases  as  the  volume  of  the  steam  increases,  and  the 
pressure  operating  through  the  remainder  of  the  stroke  will  be  a 
mean  of  all  the  pressures  tho  steam  passes  through  during  that 
portion. 

The  Mean  Effective  Pressure 

By  tho  mean  effective  pressure  is  meant,  the  mean  of  all  the 
pressures  through  which  the  steam  passes  from  the  moment  of  its 
entry  into  the  cylinder,  to  tho  end  of  the  stroke.  In  the  case  of 
very  late  cut-offs,  the  mean  effective  pressure  will  be  very  nearly 
that  of  the  pressure  at  which  the  steam  entered,  because  that  pressure 
will  be  effective  for  a  large  portion  of  the  Btroke,  and  the  final 
average  will  not  be  greatly  reduced.  On  tho  other  hand,  with  very 
early  cut-offs,  the  initial  pressure  of  the  steam  being  only  present 
during  a  very  small  portion  of  the  stroke,  will  have  only  a  small 
effect  upon  the  final  average. 

In  Table  XX.  the  mean  effective  pressures  are  given  for  different 
steam  pressures,  and  for  different  cut-offs,  from  ^  of  a  stroke  upwards, 
and  from  0  absolute  pressure  up  to  200  lhs.  per  square  inch. 

It  was  pointed  out  in  Chapter  I.  that  considerable  advantage  was 
obtained  by  working  with  steam  at  higher  pressures  than  ruled  in 
the  early  days  of  steam  working,  because  the  quantity  of  heat  required 
to  produce  a  pound  of  steam  decreased  as  the  pressure  increased, 
and  therefore  if  the  whole  of  the  pressure  could  be  effectively  em- 
ployed in  the  engine,  economy  must  result  When  the  steam  is 
admitted  to  the  steam  cylinder  for  the  full  stroke,  it  is  evident  that 
no  economy  can  result  from  the  use  of  higher  pressures,  and,  in  fact, 
the  higher  pressure  must  lead  to  increased  coal  consumption  ;  but  if 
the  steam  can  be  employed  expansively,  as  by  cutting  it  off  at  a  small 
portion  of  the  stroke,  a  considerable  economy  is  obtained.  Thus, 
from  the  table  of  Meau  Pressures,  it  will  be  seen  that  with  a  gauge 
pressure  of  105  lbs.  per  square  inch,  and  with  a  cut-off  at  ,',,  of  the 
stroke,  the  mean  pressuro  behind  the  piston  is  39'64  lbs.  per  square 
inch,  or  practically  the  same  as  would  have  been  obtained  if  the 
steam  had  been  allowed  to  enter  the  cylinder  during  tho  whole  of  the 
stroke  with  an  initial  pressure  of  40  lbs.,  while  only  ,',,  part  of 
the  steam  is  employed, 

But  with  the  use  of  higher  and  higher  pressures,  a  difficulty 
arises,  owing  to  what  is  known  as  cylinder  condensation.  It  will  bo 
remembered  that  the  temperature  of  the  steam  varies  with  the  pres- 
sure.    Thus,  taking  the  case  just  quoted,  that  of  steam  at  105  lbs. 
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initial  pressure,  with  a  cut-off  at  11,-i  of  the  stroke,  the  temperature 
of  tho  steam  at  that  pressure  is  341°  P.  Assuming  the  final  pressure 
of  the  steam  to  be  about  that  of  the  atmosphere,  the  temperature  is 

212°.  The  cylinder  walls  naturally  follow  these  changes,  cool- 
as  the  steam  expands,  and  its  temperature  lowers,  warming  up 
with  the  fresh  steam    that  enters   on  the  following  stroke. 

ler,  it  will  be  remembered,  where  the  engine  is  working  with  a 
condenser,  the  temperature  of  the  steam  in  front  of  the  piston  may 
be  as  low  as  about  100°  F.,  and  the  cylinder  walls  and  the  cylinder 
cover  at  that  end  will  follow  this  temperature,  as  explained.  This 
means  that  the  cylinder  cover  and  tho  portion  of  the  cylinder  walls 
at  that  end,  where  the  fresh  steam  is  to  enter,  will  have  been  exposed 
to  a  temperature  of  only,  say,  100°,  just  previously  to  the  entrance  of 
steam  at  341°.  It  has  been  pointed  out,  in  dealing  with  the  question 
of  superheating,  and  in  discussing  the  properties  of  steam  in  Chapter 
T.,  that  the  steam  contains  a  quantity  of  vapour,  unless  it  has  been 
superheated,  and  the  effect  of  the  impingement  of  the  steam  upon  the 
comparatively  cool  surfaces  in  the  cylinder  into  which  it  enters  is, 
the  condensation  of  this  vapour,  and  also  sometimes  the  lowering  of 
the  temperature  of  the  whole  body  of  the  steam,  certainly  of  all  of 
it  which  comes  into  contact  with  the  metal  Burfaces  of  the  cylinder, 
these  actions  leading  to  loss  of  heat,  which  has  to  be  made  up  in  the 
furnace  of  the  boiler  later  on.  The  vapour  which  is  condensed  upon 
the  inner  surface  of  the  cylinder  is  reformed  into  steam  at  a  later 
portion  of  the  stroke,  when  these  surfaces  have  been  wanned  up  at 

»the  expense  of  tho  entering  steam,  the  conversion  of  the  condensed 
vapour  into  steam  absorbing  a  considerable  quantity  of  heat  from 
the  cylinder  walla  and  cover,  and  tending  to  lower  their  temperature 
towards  the  end  of  the  stroke,  in  additiou  to  the  lowering  which  takes 
place  from  the  expansion  of  tho  steam.  This  difficulty  has  been  met 
in  three  ways 

»(1)  By  superheating  the  steam  so  that  it  carries  no  watery  vapour 
on  entering  the  cylinder,  aud  that  it  also  carries  a  sufficient  excess  of 
heat  to  raise  the  temperature  of  the  cylinder  walls  without  lowering 

•its  own  temperature  below  that  at  which  it  left  the  boiler. 
(2)  By  fitting  the  cylinders  with  jackets,  through  which   live 
•  •am  is  passed,  either  on  its  way  into  the  cylinder,  or  by  a  special 
jet,  which  is  allowed  to  condense  and  is  drained  off. 

(3)  By  dividing  up  the  range  of  expansion  over  several  cylinders, 
the  engines  so  constructed  being  known  as  compound,  triple  expansion, 
and  quadruple  expansion  engines. 

Superheating  has  already  been  dealt  with.  The  question  of  steam 
jackets  will  be  dealt  with  later  on,  and  also  tho  construction  and 
working  of  compound,  triple,  and  quadruple-expansion  engines. 

Meanwhile,    it    may    be    noted    that,    provided    that    cylinder 
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condensation  can  be  got  rid  of,  considerable  economies  are  obtainable 
by  the  U3e  of  higher  steam  pressures  in  single  cylinders,  and  that 
cylinders  of  a  certain  size  may  be  made  to  do  more  work  by  usii 
higher  steam  pressures  than  they  would  have  with  lower  pressures. 


The  Work  a  Steam   Engine  will  Perform 

The  work  a  steam  engino  will  perform  depends  directly  upon 
sectional  area  of  the  cylinder,  upon  the  mean  effective  steam  pressure 
working  upon  the  piston,  and  upon  the  distance  the  piston  travels 
in  a  given  time.  It  will  be  remembered  that  1  H.P.  represents 
33,000  foot  lbs.,  and  the  work  that  steam  cylinders  are  capable  of 
performing  is  measured  in  H.P.,  the  number  of  foot  pounds 
obtained  by  the  formula — 

„  2PLAX 
'    '         33,000 

Where  H.P.  is  the  horse-power  the  cylinder  will  furnish,  P  is 
mean  effective  pressure  exerted  on  the  piston,  L  is  the  length  of  the 
stroke  of  the  piston  in  feet,  the  distance  over  which  it  travels  wheu 
moving  from  one  end  of  the  cylinder  to  the  other,  and  N  is  the  number 
of  revolutions  of  the  crank  shaft,  or  of  double  strokes  of  the  a 
per  minute.     A  is  the  area  of  the  piston  in  square  inches. 

The  mean  effective  pressure  is  the  mean  pressure  behind  the 
piston,  less  the  mean  pressure  in  front  of  the  piston.  It  has  been 
explained  that  on  the  return  stroke  the  piston  lias  to  drive  out  the 
steam  from  the  cylinder  that  was  employed  in  pushing  the  piston  on 
the  previous  stroke.  If  the  engine  exhausts  only  to  the  atmosphere, 
the  back  pressure,  as  it  is  called — the  pressure  in  front  of  the  piston — 
will  be  that  of  the  atmosphere,  plus  that  remaining  in  the  steam,  and 
will  be  gradually  decreasing  as  the  piston  reaches  the  end  of  the 
stroke.  Whatever  the  mean  of  all  the  back  pressure  is,  that  has  to 
be  subtracted  from  the  mean  of  all  the  pressures  in  front  of  the 
piston,  and  the  result  is  the  figure  to  be  employed  in  the  formula 
given  above.  This  pressure,  when  multiplied  by  the  number  of 
square  inches  in  the  surface  of  the  piston  that  is  exposed  to  the  steam 
pressure,  gives  the  total  pressure  acting  upon  the  piston — that  is  the 
total  average  pressure  throughout  the  stroke;  and  this  multiplied  by 
the  distance  through  which  the  piston  travels  in  a  minute,  gives  the 
number  of  foot  pounds  of  work  done  by  the  piston.  Thus,  taking  a 
piston  having  a  diameter  of  12  inches,  its  area  will  be  113  a 
inches,  and  if  the  mean  effective  pressure  was,  say,  40  lbs.,  the  total 
pressure  acting  upon  the  piston  is  4520  lbs.  If  the  stroke  of  tin- 
engine  is  12  inches,  and  it  runs  at  300  revolutions,  or  300  double 
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strokes  per  minute,  the  travel  will  be  600  feet  per  minute,  and 
the  total  work  done  in  foot  pounds  will  be  2,712,000,  or  about  82  H.P., 
as  follows — 

H.P.  -4OXll8^1X80°  =  8*18  RP. 

A  point  that  perhaps  may  be  as  well  mentioned  here  is,  the  steam 
cylinder  is  often  fixed  in  a  horizontal  position,  and  even  when  it  is 
fixed  vertically,  only  one  of  the  strokes  is  lifting,  while  we  under- 
stand the  rate  of  doing  work  as  so  many  pounds  UfUd  so  many  feet 
pa  minute.  The  explanation  is,  though  the  engine  may  be  fixed 
horizontally,  the  motion  of  its  piston  is  communicated  to  a  crank 
shaft,  or  may  be,  and  if  a  pulley  be  fixed  upon  the  end  of  the  shaft, 
and  a  rope  be  arranged  to  wind  up  on  the  pulley,  the  end  of  the  rope 
being  carried  over  a  pulley  at  any  given  height  and  attached  to  a 
weight  on  tho  ground,  or  below  the  ground,  it  will  do  work  in  lifting 
the  weight,  just  as  if  the  power  had  been  applied  directly,  the  work 
doue  upon  the  weight  being  that  delivered  by  the  piston,  less  the 
charges  for  friction,  etc. 


Indicated  Horse-power  and  Brake  Horse-power 

Another  point  that  had  also  better  be  explained,  is  what  is  meant  by 
•'  indicated  "  horse-power,  as  distinguished  from  "  brake  "  horse-power, 
and  again  from  "  nominal "  horse-power.  By  indicated  horse-power  is 
meant  the  total  power,  or  work,  that  the  piston  will  perform,  taking  the 
horse-power  at  33,000  foot  lbs.  per  minute,  or  550  foot  lbs  per  second, 
and  it  is  found  by  the  use  of  the  formula  given  above  for  horse-power, 
the  mean  effective  pressure  being  found  by  means  of  an  apparatus 
called  the  indicator,  It  has  been  mentioned  that  the  steam  pressure 
gradually  as  the  steam  expands,  after  the  entry  port  is  closed, 
and  that  tho  pressure  in  front  of  the  piston  also  falls  gradually  as  the 
steam  escapes.  A  little  apparatus,  to  be  described  later,  is  arranged 
to  measure  this  fall  on  each  side  of  the  piston,  exactly  as  it  takes 
place.  The  indicator  draws  a  curved  line  upon  a  paper  provided 
lor  the  purpose,  rolled  on  a  cylinder,  the  height  of  tho  curved  line 
above  the  horizontal  line  measures  the  steam  pressure  at  each  portion 
of  the  9troke,  and  the  mean  is  taken  of  all  of  these  lines,  this  being 
the  mean  pressure  behind  the  piston.  The  same  thing  is  done  for 
the  mean  pressure  in  front  of  the  piston,  and  the  one  is  subtracted 
from  the  other.  In  some  cases  the  two  seta  of  pressure  are  taken 
(it  the  same  diagram,  and  they  are  then  easily  subtracted  one  from 
ther, 

By  "  brake  "  hurae-power,  or  as  it  is  sometimes  expressed,  "  actual  " 
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horse-power,  is  meant  the  power  that  is  actually  available,  or  the 
work  that  can  be  actually  done  by  the  crank  shaft  of  the  engine,  to 
which  the  piston  delivers  its  power,  and  it  is  found  by  actual  measure- 
ment, by  a  brake  designed  specially  for  the  purpose,  to  absorb  the 
power  that  is  being  measured,  and  it  equals  the  indicated  horse-power, 
less  the  power  absorbed  by  the  engine  itself  in  friction,  etc. 

"  Indicated  "  horse-power  is  not  often  referred  to  now,  as  engines 
vary  very  much  in  their  efficiency. 

The  efficiency  of  tho  engine  is  the  brake  horse-power,  divided  by 
the  indicated  horse-power,  and  may  range  from  80  up  to  95  per  cent. 
In  small  engines,  and  in  engines  where  lubrioation  is  not  properly 
attended  to,  ur  that  are  allowed  to  get  dirty,  the  efficiency  may  be 
considerably  lower  than  this ;  but  large  well-made  engines  should 
always  give  as  much  as  90  per  cent,  efficiency. 

Where  there  is  more  than  one  cylinder,  as  in  double  cylinder 
engines,  and  in  compound,  triple  expansion  engines,  etc.,  each  cylinder 
is  indicated  by  itself,  and  the  total  indicated  horse-power  of  the  engine 
is  tho  sum  of  the  horse-powers  of  each  cylinder,  using  the  indicated 
effective  mean  pressure  in  each. 

"Nominal     horse-power  is  a  term  rapidly  going  out  of  use.     It 
has  no  real  meaning.     It  was  a  term  adopted  in  the  very  early  days 
of  eteam-ongino  work,  by  different  makers,  as  a  rough  guide  of 
an  eugine  would  do.      The  indicated   horse-power  of  an  engine 
very  often  from  four  to  six  times  the  nominal  horse-power 


Double-Cylinder   Engines 

Double-cylinder,  or  twin-cylinder,  engines  aro  not  so  common 
as  they  were  some  years  ago,  because,  with  the  increase  of  steam 
pressures,  the  second  cylinder  is  now  usually  arranged  on  the  com- 
pound principle.  The  twin-cylinder  engine  forms  a  very  convenient 
arrangement  for  putting  double  the  power  within  a  small  space,  and 
for  obtaining  a  more  even  turning  moment  on  the  crank  shaft.  It 
will  be  understood  that  the  pressure  upon  the  piston,  varying  as  it 
does,  as  described,  tho  turning  effort  conveyed  by  the  piston  t»>  tbfl 
crank  shaft  will  also  vary,  and  that  with  a  single  cylinder  there  will 
be  a  considerable  variation,  particularly  where  the  engine  is  working 
very  expansively,  between  the  eutrance  of  the  steam  and  the  end  of 
tho  stroke.  With  two  cylinders,  having  their  crank  shafts  fixed 
either  90s  or  180°  apart,  this  difference  is  lessened ;  and,  as  will  be 
seen  with  larger  engines  working  very  expansively,  it  is  arranged  to 
distribute  the  turning  effort  more  and  more  evenly  round  the 
in  which  the  crank  shaft  moves  by  increasing  the  number  of  cylindt 
and  by  arranging  the  cranks  evenly  round  the  uncle. 


THE   STEAM    ENGINK 


Z2 


Compound    Engines 

The  compound  engine,  as  mentioned  above,  consists  of  two 
cylinders,  through  which  the  steam  passes  in  succession,  the  cylinders 
being  known  as  the  high  pressure  (H.P.)  and  the  low  pressure  (L.P.). 

»The  two  cylinders  are  arranged  to  deliver  their  power  to  the  some 
crank  shaft,  sometimes  by  being  fixed  side  by  side  and  having  two 
cranks  arranged  either  90°  or  180°  apart,  and  sometimes,  particularly 
with  the  high-speed  engines  to  be  described,  the  two  cylinders  are 
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Fig.  86. — Diagram  showing  the  course  of  the  Steam,  with  a  Non-oondonsing  Siinplo 
Engine,  from  tho  Boiler  to  tbo  Atmosphere. 

placed  one  above  the  other,  the  same  piston  rod  carrying  the  two 
pistons,  and  passing  through  the  two  cylinders.  The  two  cylinders 
are  always  arranged  to  perform  exactly  the  same  work,  that  is  to 
say,  to  furnish  exactly,  or  as  nearly  as  possible,  the  same  amount  of 
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\,  87.— Diagram  showing  tho  course  of  tho  Steam,  in  a  Non-ooudoosuig  Compound 
Engine,  Between  the  Boiler  and  the  Atmosphere. 

energy.  This  means  that  the  diameter  of  the  low-pressure  cylinder 
is  larger  than  that  of  the  high-pressure  cylinder,  because  as  the 
stroke  of  the  two  pistons  must  be  exactly  the  same,  and  the  pressure 
at  which  the  steam  is  delivered  to  the  low-pressure  cylinder  is  con- 
siderably less  than  that  at  which  it  is  delivered  to  the  high-pressure 
cylinder,  the  only  way  in  which  the  work  done  by  the  low-pressure 
can  be  made  equal  to  that  done  by  the  high-pressure  cylinder,  is  by 
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increasing  the  area  of  the  piston,     The  same  formula  applies,  tml 
the  length  and  number  of  strokes  are  the  same,  the  total  pttfl 
made  the  same  by  increasing  the  area.     The  proportion  between  the 
cylinders  varies  with  the  conditions  under  which  the  expansion  is 


Fig.  88.— Single-eylinder  Wall  Engine,  mado  by  Ransome,  Suns,  and  JaDrioa.    The 
bracket  shown,  bolted  to  the  wall,  supports  the  Engine. 
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carried  out  between  1  for  the  high-pressure  and  2J  to  4J  for  the 
pressure. 

It  will  be  understood  that  the  steam  passes  first  into  the  high- 
pressure  cylinder,  and  from  its  exhaust  valve  to  a  receiver,  and 
thence  to  the  entry  valve  of  the  low-pressure,  passing  from   the 
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I.  89.—  Singlo-cylindcr  Horizontal  Eogino,  mounted  with  Vortioal  Boiler,  mads 
by  H.  Coltnun  &  Sons, 
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exhaust  valve  of  the  low-pressure  either  to  the  atmosphere,  or  to 
the  condenser.  It  is  very  common  now  for  the  exhaust  steam  from 
the  high-pressure  cylinder  to  he  reheated  on  its  way  to  the  low- 
prcssuro  cylinder,  the  object  being  the  same  as  that  sought  to  be 


Fio.  91. — Horizontal  Tandem  Compound  Condensing  Engine,  made  by  E.  B.  and 
P.  Tumor.  The  Condenser  is  mounted  on  the  same  Bed-plate  as  the  Engine, 
and  tho  Air-pump  is  worked  from  the  Tail  Shaft.  Tho  High- pressure  Cylinder  i 
in  front  in  this  case. 


ion 


attained  by  superheating  the  steam,  the  prevention  of  the  formati 
of  vapour,  and  its  condensation  on  the  walls  of  the  low-pressure 
cylinder. 

Reheaters  are  of  various  forms,  but  mainly  on  the  lines  of  the 
feed-water  heater.     In  the  roheator,  the  steam  passing  to  the 


Fio,    92.  -Horizontal    Crose-oompoand    Condensing    Engine,  made  by  Rani 

Sims  &  Co.    The  Condenser  is  mounted  separately,  and  its  Air-pump  driven 
from  the  Tail  Shaft. 

pressure  cylinder  is  oarried  through  tubes,  and  a  certain  quantity 
of  live  steam  through  Lhe  space  surrounding  them.  The  rebeater 
forms  tho  receiver  between  the  high-  and  '  low-pressure  cylinders. 
The    receiver  between  the  two  cylinders  is  the  source  of  steam 


itt   13s.— Marshal  1'a  Horizontal  Coupled  Compound  Condensing  Engine,  with 

!>lide  Valve-. 


Platb  13a. — Galioway'H  Vertical  Cros*  Compound  r,n<;in«j. 


%tb    18c.  —Marshall'*  J/orizoutal  Tandem   Compound  "EiTa^vuo,  V\Mn.  1i 

V»lTCft.  \To  Jo**  "P- 
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for  the  low-pressure  cylinder,  ju9t  as  the  boiler,  or  steam  rauge,  is 
for  the  high-pressure.  Figs.  86  and  87  show,  diagrammatic-ally,  the 
course  of  the  steam,  from  the  hotter  to  the  atmosphere,  with  simple 
and  compound  engines.     Where  condeusers  are  employed,  the  steam 


Fig.  88.— Compound  Vertical  Engine,  unonolosed,  with  Shaft  Governor. 

passes  from  the  low-pressure  cylinder  to  the  condenser,  instead  of 
to  the  atmosphere.  Figs.  88  and  89,  and  Plates  10b,  10c,  and  10d, 
are  examples  of  simple  engines  of  ordinary  type,  Figs.  90, 91,  92,  and 
93,  and  Plates  11a,  11b,  and  lie,  13a,  13b,  and  13c,  and  14a  and 
14b,  show  various  forms  of  compound  engines. 
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Triple- Expansion   Engines 

The  triple-expansion  engine  may  have  three  or  four  cylinders, 
known  respectively  as  the  high  pressure  (H.P.),  the  intermediate 
pressure  (LP.),  and  the  low  pressure  (L.P.). 

The  low  pressure  is  sometimes  divided  into  two,  the  steam  passing 
first  to  the  high-pressure  cylinder,  then  to  the  intermediate  pleasure, 
and  then  dividing  between  the  two  low-pressure  cylinders.  Tlw 
reason  of  this  arrangement  is,  in  the  case  of  the  very  high  pressure* 
that  are  used,  in  large  steamships,  for  instance,  and  the  large  amount 
of  power  required,  the  low-pressure  cylinder  would  be  very  large  if 
arranged  as  a  single  cylinder;  and,  in  addition,  the  fourth  cyl 
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Fig.  94.— Diagram  of  the  course  of  the  Steam  in  a  Non-condensing  Triple 
Engine,  from  the  Boiler  to  the  Atmosphere. 

gives  another  crank  on  the  propeller  shaft,  and  tends  to  give  & 
even  turning  moment. 

The  three  cylinders,  or  the  three  sets  of  cylinders,  must  conform 
to  the  same  rules  u  ihe  two  cylinders  in  the  case  of  the  compound 
engine.  The  high  pressure,  the  intermediate  pressure,  and  the  lov 
pressure,  whether  the  last,  be  of  one  or  two  cylinders,  must  furuiah 
exactly  the  same  horse-power.  The  horse-power  furnished  by  eacfc 
cylinder,  or  set  of  cylinders,  should  be  tliat  delivered  to  ibe  crank 
shaft,  as  it  will  be  evident  that  the  friction  of  the  different  cvlinden 
will  not  be  the  same. 

The  three  cylinders,  or  sets  of  cylinders,  are  arranged  in  different 
myB.  For  ocean  steamships,  whether  there  are  three  or  fonr 
cylinders,  they  usually  staud  side  by  side,  vertically  above  the  cntl 
shaft,  to  which  each  of  their  pistons  is  connected.     Plate  15a  shorn 
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one  of  these  made  by  the  Central  Engineering  Works.  In  high- 
speed engines  employed  on  land  work,  and  particularly  in  those 
forms  used  for  driving  electricity  generators,  various  arrangements 
rule.  In  some  cases  the  three  cylinders  are  fixed  one  above  the 
other,  one  piston  rod  answering  for  the  three,  and  ono  crank  shaft. 
In  those  cases  it  is  not  [uncommon  for  the  work  the  engine  is  to  do 
to  be  split  up  between  two  or  more  sets  of  cylinders,  so  as  to  have 
two  or  more  cranks.  The  arrangement  of  cylinders  vertically  one 
above  the  other  is  convenient  for  manufacturing  purposes,  since  a 
simple  engine  becomes  a  compound  engine  by  filing  an  additional 
:ylinder  above,  and  a  compound  engine  becomes  a  triple-expansion 
engine  by  fixing  a  third  smaller  cylinder  above  the  other  two. 
Receivers  are   used  between   the   high-pressure   and   intermediate- 

I pressure  cylinders,  and  totween  the  intermediate-pressure  and  low- 
pressure,  and  reheating  is  carried  out  in  various  ways. 
f 


Quadruple-  Expansion   Engines 


Quadruple-expansion  engines  may  consist  of  four,  five,  or  six 
cylinders.  In  fact,  there  is  uo  reason  that  both  of  the  two  lower- 
pressure  cylinders  should  not  be  divided  up  as  convenient.  They 
are  known  as  high  pressure  (H.P.),  first  intermediate  (First  LP.), 
second  intermediate  (Second  LP.),  and  low  pressure  (LP).  Quadruple- 
expansion  engines  are  only  employed,  so  far  as  the  author  is  aware, 
I  in  ocean  steamships.  The  same  rules  with  regard  to  the  power 
delivered  by  each  cylinder,  or  set  of  cylinders,  apply  that  have 
been  mentioned  for  compound  and  triple-expansion  engines,  aud  the 
same  arrangements  are  employed  for  receiving  and  reheating  the 
steam  between  the  different  cylinders. 
The  four,  five,  or  six  cylinders  are  usually  arranged  side  by  side. 
Vertically  over  the  crank  shaft. 


High-  and   Low-Speed   Engines 


By  "high-speed  engines"  are  understood  those  which  make  a 
large  number  of  revolutions  per  minute,  300  and  upwards;  while 
"  low-speed  engines  "are  understood  to  be  those  which  make  a  small 
umber,  100  and  under,  per  minute.  There  is  an  intermediate  class 
of  engines  that  have  speeds  ranging  from  150  to  250  revolutions 
per  minute,  of  which  the  engine  shown  in  Fig.  93  is  an  example. 
xho  names  arc  really  incorrect.  The  proper  classification  of  engines, 
so  far  as  speed  is  concerned,  is  by  the  speed  of  the  piston.  Twenty- 
live  and  thirty  years  ogo,  300  feet  per  minute  was  taken  as  the 
standard  piston  speed,  ami  conservative  eugiueers  prefeired  a  speed 
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a  little  less.  To-day,  fiOO  feet  per  minute  is  a  fair  standard,  though 
BOine  very  large  engines  are  nan  at  lower  speeds.  It  will  1*'  evident 
that  the  piston  speed  will  be  the  same,  of  an  engine  running,  say,  at 
400  revolutions  per  minute,  if  its  stroke  is  !)  inches,  and  that 
engine  running  at  100  revolutions  per  minute,  if  its  stroke  is  3  feet. 
The  term  u  quickly-revolving  engines,"  was  introduced  by  the  late 
Mr.  \forcom,  of  Belliss  and  Morcom,  some  years  ago,  but  it  does  not 
appear  to  have  been  taken  up,  and  the  terms  "  high  speed  "  and  "  low 
Bpeed  "  are  still  used,  the  term  "  high  speed  "  meaning  those  engines 
which  have  a  short  stroke  and  a  large  number  of  revolutions  per 
minute;  and  "low  speed,"  those  which  have  a  long  stroke  aud  a 
small  number  of  revolutions  per  minute. 

Examined  from  another  point  of  view,  also,  the  terms  appear  to 
he  wrong,  because  while  the  piston  speeds  may  be  the  some,  the 
peripheral  speeds  of  the  flywheels  of  the  so-called  Blow-running 
engines  are  often  very  much  higher  than  those  of  the  flywheels  of 
the  so-called  high-speed  engines. 

The  high-speed  engine,  to  use  the  term  commonly  employed,  is 
gradually  making  its  way,  though  the  engineers  who  have  beea 
developing  it  have  had  a  great  many  difficulties  in  their  way.  Old 
engineers  viewed  with  groat  concern  the  apparently  quickly  moving 
parts  of  the  high-speed  engine,  and  it  may  be  stated  that  there  dod- 
cern  was  quite  Justified,  as  some  of  the  early  engines  did  as  prophesied 
for  them,  and  knocked  themselves  to  pieces.  The  main  difficulty 
was,  however,  that  of  lubrication,  and  this  has  now  been  completely 
overcome  by  the  systems  of  splash  lubrication  adopted  in  the  Willam 
and  other  engines,  and  the  forced  lubrication  adopted  in  the  Belliss  and 
others.  The  high-speed  engines  are  always  enclosed,  that  is  to  say. 
their  crank  shafts,  piston  rods,  etc.,  are  enclosed  inside  a  casing,  in 
which  the  lubricating  arrangements  are  carried  on.  The  casing 
provides  a  chamber  in  the  case  of  the  splash  lubricating  metha 
the  lubricant,  and  it  is  also  found  convenient  with  the  other  forms  of 
lubrication.     The  intermediate  speed  engines  are  not  enclosed. 

By  splash  lubrication  is  meant,  the  crank  shaft  runs  in  a  fluid 
formed  of  a  lubricant  mixed  with  water,  and,  as  it  turns  round,  u 
churns  the  mixture  up,  throwing  it  over  all  parts  of  the  crank  shaft, 
piston  rod,  etc.,  and  keeping  every  tiling  fairly  cool.  One  of  the 
reasons,  it  will  be  easily  understood,  for  enclosing  the  space  in  which 
the  crank  shaft,  the  piston' rod,  etc.,  work,  where  splash  lubrication 
is  employed,  is  to  prevent  the  lubricant  from  being  thrown  all  over 
the  engine-house,  and  this  applies  more  or  lees  to  all  forms  of  high- 
speed engine. 

There  are  several  forms  of  high-speed  engines  on  the  market,  all 
of  litem  having  certain  parts  common.  In  all  there  is  the  enclosure 
of  the  crank  shaft  mentioned,  with  doors  on  both  sides  provided  fox 
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examination  and  repair  of  the  machinery  inside,  tho  enclosures  being 
constructed  in  various  ways.  Messrs.  W.  H.  Allen  &  Co.  call  their 
enclosure  a  cast-iron  trunk*.  The  cylinders,  which  are  always  above 
the  crank  shafts,  are  supported  from  the  top  of  the  enclosed  space  by 
distance  pieces,  usually  of  cast  iron,  which  also,  in  some  forms,  act  as 
I  for  the  piston  cross  heads.  Fig.  95  shows  longitudinal  and 
transverse  sections  of  a  compound  enclosed  engine,  made  by  this 
firm.  Fig.  96  shows  a  compound  enclosed  Bclliss  engine,  and  Fig. 
97  a  compound  enclosed  Browett-Lindley.  The  Willans  engine 
differs  from  the  other  high-speed  engines  in  this  respect,  that  it 
is  completely  enclosed  from  the  top  to  the  bottom. 

In  tho  double-acting  high-speed  engines  made  by  Messrs.  Bolliss 


.  95.— Longitudinal   and   Tranuvorso  Sections  of  Allen's  Enolosod  High-spcod 

Engl  nee 


- 

&  Morcom,  W.  II.  Allen  &  Son,  Browett  &  Lindley,  Brotherhood, 
and  others,  the  valves  providing  for  the  entry  and  egress  of  steam 
to  and  from  the  cylinder,  are  of  the  piston  slide-valve  type,  or,  as 
they  are  usually  called,  the  piston  type.  In  the  Belliss  engine, 
with  compound  engines,  one  piston  valve,  worked  by  one  eccentric, 
distributes  the  steam  to  the  two  cylinders,  the  cranks  of  the  two 
engines  being  arranged  180°  apart,  so  that  steam  is  entering  one 
cylinder  above  the  piston,  and  the  other  cylinder  below  the  piston ; 
this,  it  is  claimed,  tending  to  balance  the  strains  upon  the  crank 
shaft,  bearings,  etc.  With  triple-expansion  Belliss  engines,  there 
aro  two  eccentrics  and  two  piston  valves,  one  supplying  steam 
in  the  intermediate  and  low-pressure  cylinders,  and  the  other  sup- 
dying  steam  to  the  high-pressure  cylinder. 
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Fig.  06.-- Transverse  and  Vertical  Section  of  a  Compound  Bolliss  High-speed  EdcIok 

Engine, 


Fia.  97-— Longitudinal  and  Transverse  Section  of  a  Browett-Lindley 
High-speed  EncloBcd  Engino. 
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In  the  Allen,  the  Browett,  and  the  Brotherhood  engines,  piston 
lives  are  also  employed,  but  there  is  one  to  each  cylinder,  and  an 
eccentric  to  each  valve. 

In  all  of  the  double-acting  high-speed  engines  mentioned,  the 
bottom  of  the  crank  case  is  used  as  a  reservoir  for  the  oil  into  which 
it  drains,  after  having  been  forced  through  the  different  bearings, 
etc.,  and  it  is  taken  from  this  reservoir  by  means  of  a  valveless 
pump,  the  suction  of  the  pump  being  protected  by  a  strainer  from 
any  matter  that  may  have  got  into  the  crank  chamber.  In  the 
Bellies  engine  the  oil  purap  is  of  the  oscillating  type,  the  oscillations 
enabling  the  apparatus  to  be  worked  without  valves,  that  require  to  bo 
opened  and  closed  mechanically,  etc.  In  all  of  them  also  the  piston 
rods,  connecting  rods,  etc.,  are  provided  with  oil  scrapers,  intended 
to  throw  the  oil  from  the  rods  down  into  the  crank  chamber.  Any 
water  that  is  formed  in  the  cylinders  also  is  allowed  to  drain  into 
the  crank  chamber,  and  is  removed  from  time  to  time. 

The  cylinders  of  high-speed  engines  are  made  of  close-grained 
it  iron,  machined  all  over.  In  the  Brotherhood  the  iron  is  cast 
im  selected  scrap  and  cold  blast  pig,  and  the  surfaces  are  strongly 
)bed.  The  pistons  are  usually  of  cast  iron.  In  the  Brotherhood 
they  are  made  of  forged  steel,  with  packing  rings  of  hard  cast  iron.  In 
the  Browett  the  high-pressure  piston  is  of  cast  iron,  the  intermedia. 
and  low  pressure  pistons  of  pressed  steel  with  pocking  rings.  The 
liston  valves  are  usually  of  cast  iron,  with  special  packing  rings. 
All  of  the  double-acting  high-speed  engines  mentioned  are  con* 
died  by  throttle  governors,  worked  from  the  crank  shaft,  the  valve 
nif  being  moved  by  vertical  rods,  as  shown  in  the  drawings,  leading 
ip  from  the  governor.  The  governors  are  of  various  forms,  the  two 
bulls  revolving  on  a  spindle  being  a  favourite  one ;  but  in  the  case  of 
the  Browett,  the  governor  is  carried  on  a  disc,  the  govornor  balls  being 
carried  by  arms  pivotted  on  the  disc.  In  all  of  the  engines  mentioned, 
le  working  parts  of  the  governor  are  supplied  with  forced  lubri- 
Ltimi  from  the  same  supply  as  the  bearings  and  other  parts  of  the 
;ine. 

The  question  of  the  lubricant  is  a  very  important  one  in  high- 
sed  engines,  and  all  of  the  makers  recommend  that  a  high  class 
mineral  oil  should  be  employed.  Messrs.  Allen  recommend  that  dry 
steam  should  be  employed,  and  that  superheating  from  50'  to  150°  F. 
an  advantage ;  but  they  point  out  that  with  dry  steam,  it  is  necessary 
supply  additional  internal  lubrication  to  the  cylinder,  ljecau.se  the 
loisture  contained  in  the  ordinary  saturated  boiler  steam  acts  as  a 
ibricant. 
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The  Ernest  Scott  and  Mountain  High-sj 

Engine 

Messrs.  Ernest  Scott  &  Mountain  make  two  forms  of  en£in< 
enclosed  and  non-enclosed,  the  enclosed  engines,  as  explained,  munii 
at  a  higher  speed  than  the  non-enclosed. 

The  enclosed  engines  are  made  with  two  and  three  cranks,  sim| 
engines  being  made  with  two  equal  cylinders,  compound  ei 
with  the  usual  differential  cylinders,  and  three-crank  compoi 
engines  being  made  with  one  liigh-pressure,  and  two  low-pressure 
cylinders,  the  high-prossure  cylinder  being  in  the  middle.  A  speci 
feature  of  the  engine  is,  the  central  valve  that  is  em  ployed  in 
trol  the  steam  admission  to  the  two  cylinders,  where  two 
employed,  whether  compound  or  simple.  The  steam-distributing 
valves  are  of  the  piston  type,  with  the  usual  entrances  to  the  steam 
cylinders,  similar  to  those  of  the  slide  valve,  one  eccentric  controlling 
the  admission  of  steam  to  aud  the  exit  from  both  cylinders,  by  the 
position  of  the  two  piston  valves.  The  piston  valves  are  fitted  with 
piston  rings,  with  renewable  cast-iron  liners,  claimed  to  ensure  accurate 
opening  and  closing  of  the  steam  ports,  and  allowing  for  alteration 
of  the  cut-off  if  necessary. 

The  cylinders  are  supported  from  the  crank  case  by  the  usual 
distance  pieces,  and  the  lubrication  of  all  the  parts  is  by  oil  um 
pressure,  delivered  by  one  or  two  pumps,  at  an  approximate  presai 
of  20  lbs.  per  square  inch. 


The  Willans  Central  Valve  Engine 

In  the  Willans  engine,  which  was  one  of  the  earliest  of  the  higl 
speed  engines  to  do  really  practical  work,  the  late  Mr.  Willans,  having 
carried  out  numerous  experiments  upon  the  working  of  steam  in 
high-speed  engines,  a  very  special  arrangement  of  valves  rules,  the 
piston  rod  performing  the  double  office  of  canying  the  power  from 
the  pistons  to  the  crank  shaft,  and  also  of  carrying  the  steam  into, 
the  different  cylinders.  The  cylinders  are  arranged  vertically  above 
the  crank  shaft,  and  the  crank  shaft  works  in  an  enclosed  crank 
chamber,  as  described  on  page  228,  partially  filled  with  a  lubricant, 
the  lubricant  usually  consisting  of  oil  nnd  water,  and  the  crank  shaft, 
as  it  moves  round,  splashing  the  liquid  up  upon  the  different  parts 
of  the  apparatus.  The  steam  chest  communicates  with  the  space 
the  top  of  each  cylinder.  As  mentioned,  the  piston  rod  perfort 
the  office  of  distributing  the  steam,  and  in  order  to  enable  it  to 
so,  it  is  made   in   the  form  of  a  tube  or  trunk.      There  is  a 


Platb  14n. — MarsLiill's  Coupled  CompoODd  I  |  Engine,  drlvlim  h  I  >yiiarao 
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side  of  the  hollow  piston  trunk,  carrying  rings.  These  are  the 
alves,  aud  both  the  piston  rod  and  the  valve  rod  move,  so  that 
the  positions  of  the  valves  change  with  reference  to  the  ports  in  the 
piston  trunk.  The  valve  rod  is  moved  by  an  eccentric,  attached  to, 
and  worked  by  the  crank,  the  end  of  the  valve  rod  being  secured  to 
the  crank-pin.  The  motion  of  the  eccentric  and  of  the  piston  give 
the  requisite  variation  between  the  positions  of  the  valves,  relatively 
to  the  ports  in  the  hollow  piston  trunk.  The  piston  trunk  itself 
ends  in  a  guide  piston,  working  inside  an  air  chamber,  formed  by 
*  cylinder  closed  at  the  top,  the  piston  trunk  passing  through  an 
aperture  provided  for  it  in  the  top.  When  the  steam  is  lirst 
idmitted  to  either  engine  it  passes  into  the  cylinder  by  way  of  the 
hollow  piston  trunk,  when  the  ports  are  uncovered.  Thus,  when 
certain  ports  marked  are  Uncovered,  steam  passes  from  the  steam 
uhest  into  the  piston  trunk,  and  when  other  ports  are  uncovered,  the 
iteam  passes  out  of  the  piston  trunk  into  the  steam  cylinder,  driving 
he  pi9ton  downwards.  As  the  piston  and  the  valve  rod  move,  a 
ralve  first  closes  the  entry  ports,  thereby  preventing  the  admission 
if  steam  to  the  piston  trunk,  and  later  the  exit  ports  are  closed, 
ireventing  the  passage  of  steam  from  the  piston  trunk  into  the 
•ylinder.  Later  again,  just  before  the  completion  of  the  stroke,  the 
ixit  port  and  another  are  open,  the  steam  then  passing  from  the 
tylinder  into  the  piston  trunk,  and  from  the  piston  trunk  into 
lie  chamber  under  the  piston. 

It  has  been  mentioned  that  the  VVillans  engine  is  one  of  the  few 
ingle-acting  engines  at  present  on  the  market.  Steam  is  only 
Emitted  to  the  cylinder  while  the  piston  is  moving  downwards,  the 
ip  stroke  being  obtained  in  each  engine  by  the  revolution  of  the 
rank  shaft,  this  being  accomplished  by  the  fact  that  when  one 
tiston  is  ascending,  the  other  piston  is  descending,  the  engines 
Iways  being  made  in  pairs,  the  two  crank  shafts  being  180°  apart 
m  the  crank.  In  the  simple  engine  the  steam  passes  from  the 
bambor  under  the  piston,  into  which  it  is  delivered,  directly  to 
he  exhaust.  A9  the  piston  commences  its  return  stroke,  the 
;uide  piston,  and  the  cushion  or  air  cylinder  immediately  above 
t,  come  into  operation.  When  the  piston  is  at  the  lowest  point 
£  its  stroke,  two  apertures  in  the  air  cylinder  are  open  to  bbb 
itinosphere,  and  are  filled  with  air  at  atmospheric  pressure.  On 
he  commencement  of  the  up  stroke,  the  air  apertures  are  covered 
ty  the  guide  piston,  and  the  air  in  cylinder  immediately  above 
he  guide  piston  is  compressed.  The  object  of  this  arrangement 
s,  to  carry  out  the  system  of  keeping  the  brasses  of  the  cranks,  etc., 
Jways  in  compression.  It  will  be  evident  that  as  the  steam 
rashes  the  piston  downwards,  the  brasses  between  the  connecting 
<xl  and  the  crank  shaft  will  be  forced  downwards,  aud  that  there 
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will  be  compression  between  the  connecting  rod  and  the  crank 
shaft.  As  the  piston  rises,  the  same  action  takes  *  place,  owing  to 
the  compression  of  air  which  is  being  carried  out  in  the  air  cylinder. 
The  work  exjiended  ii[nm  the  compression  of  the  air  in  the  air  cylinder, 
is  not  lost.  It  is  converted  into  heat,  and  in  the  case  of  a  heat  engine, 
it  is  not  necessary  that  the  heat  should  lie  lost.  The  major  potion 
of  the  work  done  in  compressing  the  air  is  returned  to  the  gnide 
piston,  and  thence  to  the  pistou  trunk,  on  the  down  stroke,  when  the 
air  expands. 

It  was  claimed  by  the  inventor,  and  is  by  the  makers,  that  any 
water  in  the  cylinders  is  carried  directly  into  the  exhaust  with  the 
steam  on  the  up  stroke. 

The  simple  engine  is  sometimes  made  with  three  cranks  and 
three  cylinders,  the  cranks  being  arranged  at  120°  apart  on  the  crank 
shaft,  and  working  in  the  same  manner  as  dasuribed  for  the  two 
cylinders. 

With  compound  engines  which  consist  of  simple  engines  ■ 
the  addition  of  smaller  cylinders  above,  the  action  is  exactly  the  same 
as  in  the  simple  engine.     There  are  two  more  ports  in  the  hollow 
trunk  of  the  piston  rod.     The  valve  rod  is  extended,  and  carries  two 
more  valves,  and  the  steam  enters  the  high-pressure   cylinder  by 
first  passing  into  the  piston  trunk   by  a  valve,  and  out  into  6 
cylinder  behind  the  piston  by  a  port,  the  exhaust  steam  passing  << 
of  the  cylinder  by  way  of  the  piston  trunk  into  the  space  underneath 
the  high-pressure  piston.     There  is  the  slight  difference  between  the 
simple  engine  and  the  compound  engine,  that  the  exhaust  space  into 
which  the  steam  passes,  after  doing  its  work  in  the  high-pressure 
cylinder,  forms  the  receiver  for  the  steam  that  is  to  be  employed 
the  low-pressure  cylinder. 


: 


With  triple-expansion  engines,  which  Messrs.  Willans&  Robim 
have  named  H.H.P.  for  convenience  in  fitting-shop  work,  there  are 
again  two  smaller  cylinders  mounted  above  the  high-preasun; 
cylinders  in  the  compound  engine,  the  piston  trunk  extending  up 
through  the  H.H.P.  cylinder,  and  the  valve  rods  also,  the  steam 
passing  into  the  H.H.P.  cylinder,  by  way  of  the  piston  trunk,  and 
passing  out  to  the  exhaust  space  under  the  H.H.P.  piston,  through 
the  piston  trunk,  the  exhaust  space,  as  before,  forming  the  receivte 
for  the  steam  that  is  to  enter  the  H.P.  cylinder. 

It  will  be  noted  that  with  simple  Willans  engines,  the  steam 
only  remains  in  the  engine  during  one  revolution  of  the  crank  shaft 
as  in  the  ordinary  reciprocating  double-acting  engine,  during  half  of 
the  revolution  the  steam  being  employed  in  driving  the  piston,  and 
during  the  other  half  it  being  engaged  in  escaping  out  of  the  engine. 
In  the  compound  engine  the  steam  remains  within  the  body  of  the 
engine,  during  two  revolutions.     That  is  to  say,  the  steam  entering 
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the  high-pressure  cylinder  drives  the  high-pressure  piston  to  the  end 
of  the  down  stroke,  and  during  the  up  stroke,  is  engaged  in  passing 
into  the  receiver  or  steam  chest  for  the  low-pressure  cylinder. 
During  the  next  revolution  the  steam  which  worked  the  higb- 
;«:  cylinder  during  the  first  revolution,  moves  the  piston  of  the 
low  pressure  cylinder,  during  the  down  stroke,  escaping  to  the 
condenser,  or  the  atmosphere,  during  the  up  stroke.  Witt  the  triple- 
expansion  engine,  the  steam  remains  within  the  body  of  the  engine 
during  three  revolutions.  During  the  first  revolution  it  is  employed  in 
driving  the  H.H.P.  piston,  and  in  passsing  into  the  H.P.  receiver. 
During  the  second  revolution  it  is  driving  the  H.P.  piston  and 
escaping  to  the  low-pressure  receiver,  and  during  the  third  revolution 
it  diives  the  low-pressure  piston,  and  escapes  to  the  atmosphere  or 
the  condenser.  The  lubricant  for  the  crank  chamber  is  filled  into  it 
through  on  oil  funnel 

The  Willans  engine  is  controlled  by  a  throttle  governor,  worked 
1r->ni  the  crank  shaft.  It  consists  of  the  usual  pair  of  governor 
balls,  revolving  wiih  the  crank  shaft,  opposed  by  a  spring,  ami 
working  by  the  aid  of  a  lever  and  a  vertical  rod,  the  entry  valve  to 
the  steam  chest.  The  steam  enters  by  a  pipe  from  the  steam  supply, 
passing  through  a  valve  leading  from  the  pipe  to  the  steam  chest, 
in  proportion  to  the  amount  the  valve  is  open.  The  quantity  of 
steam  consumed  by  the  engine  is  controlled  entirely  by  the  throttle 
valve,  under  ordinary  circumstances,  but  apparatus  are  added  when 
required  to  enable  expansive  working  to  bo  employed  as  well.    The 

I  cut-off  is  controlled  by  the  position  of  the  gland  rings,  through  which 
the  piston  trunk  passes  at  the  top  of  each  cylinder,  their  position 
being  arranged  by  the  aid  of  distance  pieces. 
There  are  valves  between  the  H.H.P.  distribution  valve  and  the 
IIP.  valve,  and  also  between  the  H.P.  distribution  valve  and  the 
L.P.  distribution  valve. 
The  low-pressure  cylinders  of  all  TVillans  engines,  and  the  high- 
pressure  cylinders  of  a  certain  size,  are  fitted  with  internal  relief 
valves,  consisting  of  gun-metal  plugs,  screwed  into  the  top  of  the 
cylinders.  The  plugs  are  pierced  with  holes,  and  are  covered  by  gun- 
metal  discs.  When  the  discs  are  raised,  as  when  the  pressure  in  the 
cylinder  is  above  a  certain  figure,  there  is  free  communication  and 
free  passage  for  the  steam  between  the  cylinder  in  which  the  plug  is 
fixed,  and  the  receiver  or  steam  chest  above  them.  The  discs  are 
kept  down  under  ordinary  working  conditions  by  the  excess  of  the 
pressure  in  the  receiver,  or  the  steam  chest,  above  that  in  the 
cylinder,  a  spring  assisting.  It  is  stated  by  the  makers  that  the 
arrangement  forms  a  perfect  automatic  relief,  in  case  there  is  water 
present  in  the  cylinder. 


236    STEAM   BOILERS,  ENGINES,   AND  TURBINES 


Bumsted  High-Speed  Engine 

The  Bumsted  high-speed  engine,  mode  by  Messrs.  Bumsted  :n 
Chandler,  was  made  only  single  acting  up  to  a  few  yews  ago,  now 
huwever  two  patterns  are  made,  single  acting  for  sizes  up  to  300  II. P.. 
and  double  acting  for  sizes  up  to  600  H.P.     Both  forma  of  mgi 
made  with  one,  two,  or  three  cranks,  and  for  simple  and 


Fig.  08. — Longitudinal   Section    of    Bumsted   Double-ncting  Compound   Enclosed 
Engine,  with  Shaft  Governor. 


engines,  the  double-acting  engine  being  also  made  for  triple  expansi 
In  both  forms  of  engine  the  valves  are  of  the  piston  type. 

In  the  single-acting  engine  the  steam  is  worked  in  a  very  similar 
manner  to  the  Willans  engine.  It  passes  first  into  the  high-pressure 
cylinder,  driving  the  high-pressure  piston  to  the  end  of  its  stroke, 
then  passes  to  the  lower  side  of  the  high-pressure  piston,  this  space 
acting  as  a  receiver;  and  at  the  noxt  stroke  it  enters  the  low-preasure 
cylinder  above  the  piston,  drives  the  piston  to  the  end  of  its  stroke. 
and  then  escapes  to  the  exhaust.     The  lubrication  of  the  crunk  ami 
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working   parte  is   effected   QO    tlie  splash  system,  the  crank  shaft 
revolving  in  a  bath  of  oil  and  water. 

Id  the  double-acting  engine,  the  bottom  of  the  Brink  pit  ia  used 
as  an  oil  reservoir,  as  in  the  other  engines  that  have  been  described, 
a  valveless  oil  pump  delivering  the  oil  under  pressure  to  the  bearings 
and  working  parts.  The  governor  is  of  the  throttle  type,  worked 
from  the  crank  shaft.  Fig.  98  is  a  sectional  drawing  of  a  double- 
acting  Bumsted  compound  enclosed  engine,  and  Plate  16a  shows  a 
single  cylinder  Bumsted  enclosed  engine,  Hate  16b  a  compound 
I'Mclosed  engine  made  by  Easton  and  Bessemer. 


The  Peache  Engine 


rThe  Peache  high-Bpeed  engine,  which  13  made  by  Messrs.  Davey, 
Paxman  &  Co.,  is  also  single  acting,  and  it  has  several  important  dis- 
tinguishing features. 
It    is    nearly    always 

»m;nle  with  three 
cranks,  and  with  two 
cylinders,  high-  and 
low  -  pressure,  above 
each  crank.  A  trans - 
v  b  rse  sectional  drawi  ng 
of  the  engine  is  shown 
in  Jig.  99.  The  crank 
shaft  works  in  a  bath 
of  oil  and  water,  as  in 
the  other  cases,  and  it 
has  the  special  feature, 
that  in  place  of  being 
fixed  directly  below 
the  centre  line  of  the 
cylinders,  it  is  out  of 
line,  a  little  to  the 
front  of  the  engine,  the 
makers  claiming  that 
this  gives  a  nearly 
straight  connecting  rod 
during  the  downward 
working  stroke,  and 
keeps  a  pressure  on 
the  back  cross -head 
slide.    The  valves  also 


Fie.  99. — Transverse  Section   of  Peache  High-speed 

biogle-acting  Enclosed  Engine. 


are  special   to  the   engine, 
are  not  worked  by  eccentrics 


They   stand   behind   the   engine,  and 
,  as   is   usually  the  case,  but   by  the 
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rocking  lever  shown  in  Fig.  99,  working  from  a  rod  attached 
and  receiving  motion  from  the  connecting  rod.  As  will  be  se 
the  valve  rod  is  fixed  vertically,  and  works  vertically,  and  moves 
the  two  valves,  that  controlling  steam  to  the  high-pressure  cylinder, 
and  that  controlling  steam  to  the  low-pressure  cylinder,  by  one 
operation.  In  addition,  there  is  on  air-buffer  cylinder,  that  will  be 
seen  just  above  the  rocking  lever,  which  is  employed  to  overcome 
the  inertia  of  the  valve  at  certain  portions  of  the  stroke,  air  being 
compressed  at  other  portions,  and  giving  up  the  energy  delivered  to 
it  to  overcome  the  inertia  of  the  valve  when  required.  As  will  be 
seen  from  the  drawing  also,  the  high-  and  low-pressure  cylinders  are 
virtually  one,  merely  divided  by  the  piston,  and  they  are  caused  to 
act  as  high-  and  low-pressure  cylinders  by  the  distribution  valves. 
The  steam  enters  by  the  throttle  valve,  which  is  shown  on  the  right 
in  Fig.  99,  into  the  space  surrounding  the  valves,  which  forms  [lie 
steam  chest.  From  this  it  posses  under  the  edge  of  the  high-pressure 
valve,  to  above  the  high-pressure  piston,  and  after  it  has  forced  the 
high-pressure  piston  to  the  end  of  its  stroke,  it  is  exhausted  over  the 
top  of  the  high-pressure  valve,  down  through  the  main  body  of  the 
valve, and  over  the  top  of  the  low-pressure  valve,  u<  tin 
the  low-pressure  piston,  forcing  the  low-pressure  piston  upwards,  the 
high-pressure  piston  going  with  it,  since,  as  will  be  seen,  the  high- 
and  low-pressnre  pistons  are  on  one  piston  rod.  The  space  between 
the  high-  and  low-pressure  pistons  is  called  the  controlling  cylinder, 
and  is  arranged  to  be  connected  and  disconnected  by  the  motion  of 
the  high-pressure  piston,  from  the  space  above  the  high-pressure  pistou. 
Houce,  this  space  is  alternately  filled  with  steam  at  the  same  pressure 
as  exists  above  the  high-pressure  piston,  the  steam  is  expanded.  m<i 
is  compressed  by  the  upward  motion  of  the  low-pressure  piston ;  the 
object  of  the  action  in  the  controlling  cylinder  being  to  balance 
upward  inertia  of  the  pistons,  cross  head,  connecting  rod,  etc.,  on 
up  stroke,  so  as  to  keep  a  slight  excess  of  pressure  in  a  downw 
direction  throughout  the  up  stroke.  The  work  done  in  compressing 
the  steam  in  the  controlling  cylinder  on  the  up  stroke,  is  give 
again  on  the  down  stroke,  by  the  expansion  of  the  steam,  it  acti 
upon  the  low-pressure  piston,  at  the  same  time  as  the  steam  fro 
the  steam  chest  is  acting  upon  the  high-pressure  piston.  It 
claimed  that  the  arrangement  of  the  valves  behind  the  ojlind 
enables  the  space  occupied  by  the  eccentrics  in  other  engines  to 
be  dispensed  with,  making  the  engine  more  compact.  The  engine 
has  its  crank  chamber  enclosed,  with  doors  for  access,  the  cylinders 
being  supported  from  the  crank  chamber  by  steel  pillars.  It  will 
also  be  noticed  that  the  connecting  rod  works  in  a  gland  above  the 
crank  chamber,  the  gland  forming  the  end  of  a  dome-shaped  co 
which  prevents  oil,  etc.,  from  passing  upward. 
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ie  valve  motion  described  is  made  for  cut-offs  from  0'4  to  0'5, 
0*5  to  06,  and  from  0'6  to  0*7  in  the  high-pressure  cylinders, 
these  are  fixed  cut-off  gears.  The  engines  are  also  made  for  adjustable 
cut-offs  by  automatic  governors.  The  governor  of  the  Peache  engine 
acts  on  the  throttle  valve,  as  in  the  other  cases. 


Vertical  and  Horizontal  Engines 

Engines  are  arranged  with  their  cylinders  either  in  a  vertical  or 
horizontal  position.  The  older  forms,  the  slow-speed,  and  a  large 
number  of  the  intermediate  speed  engines,  are  arranged  with  their 
cylinders  horizontal,  the  cylinders  and  the  crank  shaft  being  fixed  on 
one  casting,  forming  a  bed  plate.  Tho  high-speed  engines,  as  men- 
tioned, are  nearly  always  arranged  with  their  cylinders  vertical  and 
inverted,  that  is  to  say,  the  cylinder  stands  above  the  crank  shaft,  the 
it  rod  projecting  below  the  cylinder,  and  the  crank  shaft  being 
carried  by  a  casting  specially  arranged  for  it,  from  which  pillars  rise 
to  support  the  cylinders  and  the  walls  of  the  enclosing  chamber. 
The  intermediate  speed  engines  are  also  often  arranged  with  their 
cylinders  vertical,  and  inverted  above  the  crank  shaft. 

Where  there  are  two  cylinders,  as  in  the  case  of  compound 
engines,  or  twin-cylinder  engines,  it  is  very  common  to  carry  a  fly- 
wheel on  the  crank  shaft  between  the  engines,  the  cylinders  being 
earned  on  separate  castings,  when  of  the  horizontal  type,  and  in  one 
ig  when  oF  the  vertical  type.  As  already  explained,  the  high- 
and  low-pressure  cylinders  of  compound  and  triple-expansion  engines, 
are  sometimes  carried  side  by  side  in  the  verticil  type,  and  some- 
times one  over  tho  other.  A  similar  arrangement  rules  with  hori- 
zontal engines,  the  high,  low,  and  intermediate  cylinders  are  sometimes 
carried  in  one  line,  tandem,  on  tho  samo  bed  plate,  and  sometimes 
side  by  side.  Examples  of  these  are  shown  in  Plates  11  to  14,  and 
Figs.  90  to  92.  Double  compound  engines  of  the  horizontal  type 
are  somewhat  common,  especially  for  pumping  plant,  two  compound 
engines  being  carried  on  each  side  of  a  flywheel,  the  two  cylinders 
of  each  of  the  engines  being  sometimes  one  behind  tho  other,  and 
sometimes  side  by  side. 

For  driving  electricity  generators,  and  compressed  air  machinery, 
and,  in  fact,  any  machine  in  which  a  uniform  speed  and  a  uniform 
turning  moment  is  of  importance,  it  is  necessary  to  have  a  flywheel, 
and  this  is  sometimes  carried,  as  explained,  between  the  cylinders, 
in  some  cases  being  made  to  form  part  of  the  electricity  generator, 
while  in  other  cases,  as  in  the  Belliss,  Morcom  ami  other  engines, 
the  flywheel  is  carried  between  the  end  of  the  engine  shaft  and  the 
dynamo  shaft. 
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One  of  the  difficulties  that  has  arisen  in  connection  with  die 
luliiiatioQ  of  high-speed  engines,  now  that  the  initial  difficulty  of 
lubricating  continuously  has  been  overcome,  is  the  tendency  of  the 
lubricant  to  work  outwards  from  the  enclosing  chamber  by  every 
path  that  is  open  to  it.  Thus,  where  high-speed  engines  are  con- 
nected to  electricity  generators,  it  is  sometimes  found  that  the 
lubricant  of  the  engine  finds  its  way  over  into  the  armature 
revolving  portion  of  the  dynamo,  and  gives  rise  to  some  troul 


Lancashire  Mill  Engines 

Lancashire  mill  engines  have  long  had  the  reputation  of  being  the 
most  economical  engines,  so  far  as  the  consumption  of  steam  and 
coal  is  concerned,  that  are  to  be  found  anywhere.  The  Lancashire 
mill  consists  usually  of  a  large  high  building,  on  each  floor  of  which 
are  a  very  large  number  of  spinning  machines,  all  driven  from 
shafting,  and  the  whole  of  the  shafting  on  all  the  floors  is  driven 
from  a  primary  shaft,  which  in  its  turn  is  driven  by  ropes  from  a 
heavy  flywheel  pulley,  worked  by  a  pair  of  engines,  between  which 
the  pulley  is  fixed.  The  engines  arc  sometimes  compound,  and  some- 
times triple  expansion,  there  being  the  usual  controversy  as  to  which 
is  the  better  arrangement. 

The  rope  drive,  however,  is  gradually  being  displaced  in  the  mills 
that  are  now  being  put  down,  and  in  some  of  the  older  mill;?,  by  the 
electric  motor  drive,  the  main  engines  being  employed  to  drive  a 
generator  in  the  engine-house,  and  a  motor  being  fixed  either  on  each 
floor,  or  more  than  one  on  each  floor,  taking  current  from  the  main 
generator,  and  driving  the  shafting,  which  in  its  turn  drives  the 
spinning  machinery.  As  an  illustration  of  the  horizontal  triple- 
expansion  condensing  engines  that  have  done  such  good  work,  the 
following  made  by  Messrs.  Daniel  Adamson,  of  Dukinfk-ld,  will 
probably  be  interesting.  The  engine  is  shown  in  Plate  12.  There 
ore  two  cylinders  on  each  side  of  the  driving  pulley,  the  low- 
pressure  cylinder  being  divided  into  two,  as  explained  on  a  previoi 
page.  On  one  side  is  the  high-presauro  cylinder,  and  one  1c 
pressure  cylinder,  and  on  the  other  side  is  the  intermediate 
the  other  low-pressure  cylinder.  The  high-pressure  oylinder  is 
inches  diameter,  the  intermediate  24  inches,  and  the  two  li 
pressure  cylinders  each  26  inches,  the  common  stroke  being  4  f< 
and  the  engine  running  at  70  revolutions  per  minute,  and  deliver- 
ing COO  I.H.P.  with  an  initial  steam  pressure  of  160  lbs.  per  square 
inch.  It  will  be  noticed  incidentally  that  the  piston  speed  i 
feet  per  minute,  which  is  practically  the  same  as  that  of  the 
called  high-speed   engines.     The   pistons  of  the  high-pressure 


kTX  L6i. —  Triple  Kxptinaion  Marino  Kngine,  mado  by  tliu  Dental  Kugineeriag 

Works.  Hmilrpool. 


its  ISB.—SinglQ  Cylinder  Corliss  Valve  Engine,  vrHh  SnaU  CtoNetwst ,  TsaAaVrj 

tho  Alias  Co.  \To  Jutt  ^.^Aft. 
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low-pressure  are  attached  to  one  piston  rod,  and  deliver  by  one  con- 

Dg  rod  to  ono  crank  shaft  on  one  side  of  the  driving  pulley,  the 

pistons  of  the  intermediate  and  low-pressure  cylinders  being  also  on 

one  piston  rod,  and  delivering  by  ono  connecting  rod  to  a  crank  shaft 

on  the  other  side  of  the  driving  pulley.     Each  pair  of  engines  has 

its  own  governor,  its  own  condenser,  air  pump,  and  boiler-feed  pump. 

The  high  and  intermediate  cylinders,  aud  the  working  parts  of  the 

engine,  are  fixed  on  trunk  girders,  and  the  two  engines  are  provided 

with   distance  pieces,   the  low-pressure   cylinders   being  iixed    on 

separate  cast-iron  bed-plates,  secured  to  the  foundations,  provision 

being  made  for  the  feet  of  the  cylinders  to  slide  freely,  so  as  to 


rlo.  100. — Section  of  Cylinder  of  Lancashire  Mill  Engine,  with  "  Wheel ock  "  Valves. 
The  Valve  is  eeeu  iu  scotiou  below  the  Cylinder,  on  the  left.  It  controls  the 
entry  and  exit  of  the  3toam,  and  is  claimed  to  combine  the  advantages  of  the 
Slide  and  Corliaa  Valvoa.    The  Expansion  Gear  is  6hown  on  the  right. 

accommodate  themselves  to  the  expansions  and  contractions  of  the 
engines.  The  condensers  are  fixed  underneath  the  main  frames  of 
the  engines,  the  air  pumps  and  boiler-feed  pumps  being  also  fixed 
there.  The  air  pumps  are  driven  direct  from  the  main  engine  cross 
head  by  steel  plate  levers  and  links  provided  for  the  purpose,  and 
the  boiler  feed  pumps  are  driven  from  the  air-pump  levers. 

The  driving  pulley  is  18  feet  in  diameter,  and  is  grooved  to 
take  twenty  1J  inch  ropes,  the  speed  of  the  ropes  ljciog  396U  feet 
per  minute,  and  the  drum  being  built  up  in  segments. 

The  high  and  intermediate  cylinders  are  each  fitted  with  auto* 
matic  oxpansion  gear  controlled  by  their  own  governors,  the  expan- 
sion gear  being  of  the  Wheel  ock  type,  the  general  arrangement  of 

B 
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which  is  shown  in  Fig.  100.  The  valves  also  are  of  the  type 
3!  Whcelock  pattern,  and  the  gridiron  arrangement  is  clearly 
in  the  sectional  drawing.  The  automatic  expansion  gear  is  al 
to  give  control  of  the  expansion  from  zero  up  to  76  pOT  cent,  of  tfati 
piston's  stroke  while  retaining  complete  control  of  the  periods  of 
release  and  compression.  It  is  claimed  that  the  arrangement  of  a 
toggle  joint  between  the  valve  grids  and  spindles  gives  almost 
instantaneous  opening  and  closing,  with  great  ease  of  action  under 
extreme  pressures.  Instantaneous  opening  and  closing,  it  will  easily 
bo  understood,  is  of  great  importance,  inasmuch  as  it  gives  the 
engineer  practically  complete  control  of  his  engine,  Hate  17a  shows 
a  horizontal  cross  compouud  with  engine,  made  by  Messrs.  Galloway. 

Reciprocating  Valves  for  Engines 

It  has  been  explained  that  the  piston  is  caused  to  move  to 
fro  in  the  cylinder  of  the  engine  by  the  admission  of  steam  altern 
on  each  side  of  it,  and  one  of  the  problems  which  engine  build 
have  had  to  solve  has  been  the  construction  of  a  valve  that  would 
accomplish  this.     There  are  the  following  forms : — 

The  slide  voice.  The  Corliss  valve. 

Tke.  Cornish  voiw,  The  trip,  or  drop,  vu! 

And  special  forms  of  calves,  such  an  the  central  valve  c\ 
WUlaiw  eii'jiiu:  and  others. 

The  slide  valve  was  the  earliest  form.  The  problem,  it  will  bo 
understood,  is  to  bring  the  supply  of  steam,  which  is  usually  cou- 
taincd  in  a  part  of  the  engine  called  the  steam  chest,  into  conu 
\s  illi  the  cud  of  the  cylinder,  to  which  steam  is  to  be  admitted  at  :h»- 
moment,  and  to  bring  each  end  of  the  cylinder  into  connection  with 
the  exhaust  later.  It  should,  perhaps,  be  mentioned  first  llw 
cylinder  of  the  steam  engine  nearly  always  forms  part  of  a  casting  in 
which  the  entry  valves,  as  the  valves  controlling  the  admission  of 
steam  are  called  genetically,  are  arranged  to  work,  and  also  ■with  a 
space  or  chamber,  called  the  "steam  chest,"  into  which  the  steam 
is  admitted  from  the  steam  pipe,  and  from  which  it  passes  through 
ports  at  each  end  of  the  cylinder  into  the  cylinder  at  the  pro 
moment.  What  Is  called  a  "stop  valve,"  which  controls  the 
sion  of  steam  from  the  steam  pipe  to  the  steam  chest,  is  iixed  bet 
the  steam  pipe  and  the  casting  forming  the  cylinder.  The  governor, 
which  also  controls  the  admission  of  steam  to  the  steam  chest,  ia 
frequently  carried  by  the  cylinder  casting.  The  stop  valve  is  an 
arrangement  consisting  of  iixed  portions  and  a  moving  portion 
which  is  moved  usually  by  turning  a  hand  wheel.  As  the  w 
is  turned   in  one  direction,  a  small  opening  is  made  between 
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porta  of  the  valve,  through  which  the  steam  enters  and  passes  to 
the  steam  chest.  As  the  valve  wheel  is  screwed  back  more  and 
more,  the  space  through  which  the  steam  passes  is  increased  until 
t'n'  valve  is  wide  open  and  the  sectional  area  of  the  space  avail- 
able for  the  steam  is  equal  to  that  of  the  steam  pipe  supplying 
the  engine.  When  there  is  a  governor  also  carried  by  this  part 
of  the  engine,  it  is  of  the  throttle  type,  that  is  explained  further 
on,  and  it  performs  exactly  the  same  operation  automatically,  in 
obedience  to  changes  of  rate  of  motion  received  from  the  crank  shaft, 
as  the  stop  valve  does  when  moved  by  hand.  It  will  be  understood 
that  the  supply  of  steam  to  the  engine  can  bo  controlled  by  the  stop 
valve,  and  that  when  the  engine  is  only  required  to  do  small  work 
the  stop  valve  is  only  open  a  small  distance,  and  when  more  work  is 
put  on  it,  the  stop  valve  is  opened  wider,  and  so  on,  With  properly 
governed  engines,  it  is  usual,  in  a  great  many  forms  of  work,  to  throw 
the  3top  valve  wide  open  when  once  the  engine  has  taken  its  load, 
and  leave  the  governor,  as  will  be  explained,  to  control  the  supply  of 
steam.  On  the  other  hand,  in  some  coses  the  control  afforded  by  the 
stop  valve  is  of  great  service.  Such  a  case  is  that  of  alternate  cur- 
rent electricity  generators,  driven  by  steam  engines,  at  the  moment 
when  a  particular  generator  is  being  brought  to  synchronism  with 
the  others  already  at  work.  One  of  the  factors  in  the  problem  of 
synchronism  is  the  speed  of  the  generator,  and  this  is  controlled 
most  easily  by  the  stop  valve,  When  an  alternating  current  gene- 
rator is  to  be  connected  to  the  bus  bars,  the  engine  driver  gradually 
brings  it  up  to  about  its  proper  speed  by  gradually  opening  the  stop 
valve,  and  he  and  the  switch-board  attendant  bring  it  to  synchronism, 
by  alternately  moving  the  stop  valve  and  changing  the  exciting 
current  of  its  field  magnets.  Similarly,  when  any  engine  is  being 
started  from  rest,  it  is  brought  gradually  up  to  speed  by  gradually 
opening  the  stop  valve.  One  reason  for  this  is,  the  engine  being 
r.nlil,  condensation  will  take  place  very  rapidly,  and  give  some 
trouble  unless  the  cylinders  are  warmed  up.  They  are  warmed  by 
the  admission  of  a  small  quantity  of  steam  through  the  stop  valve, 
the  drain  cocks,  which  are  Htted  to  all  cylinders,  beiog  opened  to 
low  any  water  that  is  formed  by  condensation,  or  that  may  have 
present,  to  be  driven  out  by  the  steam.  The  stop  valve,  as 
explained  on  page  25G,  is  itself  warmed  before  being  put  in  operation, 
by  steam  passing  through  a  small  bypass  arranged  for  the  purpose. 


The  Slide  Valve 

The  slide  valve,  as  its  name  implies,  slides  upon  a  plaued  surface 
provided  for  it,  usually  on  the  side  of  the  cylinder.     Sections  and 
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forms  of  slide  valves  are  shown  in  Figs.  101  and  102.    Iii  its  aunpft 
form,  it  consists  of  a  metal  box  of  rectangular  section  without  n  coy 


Fig.  101.— Section  of  ooo  form  of  Slide  Valve. 


the  hollow  portion  being  placed  against  the  surface  of  the  cylinder 
upon  which  it  slides.     It  is  sometimes  fitted  with  projections,  laps  as 


P* 


^B 


ni  'n.  fr~ffi-mi  in  .m 


:~ 


Fig.  10"2.     Section  of  another  form  of  Slido  Valve. 


they  are  called,  on  each  side  of  the  walls  of  the  box.     The  box  moi 
to  and  fro  inside  a  slide  case  forming  the  steam  chest,  to  which  steam 
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is  admitted,  as  shown  in  the  figures,  and  the  steam  passes  into  the 
cylinder  through  either  of  the  ports  leading  to  either  side  of  the 
piston,  when  the  slide  valve  uncovers  that  port  and  leaves  it  open 
to  the  steam  present  in  the  steam  chest.  The  modus  operandi  is  as 
follows:  With  tho  valve  in  its  middle  position,  both  of  the  ports 
leading  into  the  cylinder  are  closed  by  the  slide  valve  standing  over 
them.  As  the  valve  moves  to  the  right  the  cylinder  entry  port  on 
the  left  is  gradually  uncovered,  the  steam  theu  passing  from  the 
slide  jacket  through  that  entry  port  behind  the  piston,  which  then, 
as  explained,  is  moved  to  the  light  in  the  cylinder.  At  a  certain 
period   of  the   stroke,  arranged,  as   will  be   explained,  by  the  aid 

■of  the  eccentric  controlling  the  travel  of  the  slide  Yalve,  the  valve 
commences  to  return,  and  gradually  closes  the  entry  port  to  the 
Cylinder  on  the  left.  After  the  valve  has  travelled  a  certain  distance, 
thf  entry  port  on  the  left  is  not  only  closed  to  the  space  behind  the 
valve  hut  is  open  to  the  hollow  space  in  the  middle  of  tho  valve,  and 
ili is  is  open  to  the  exhaust  by  the  passage  shown.  At  the  same 
moment,  though  sometimes  a  little  later,  and  again  sometimes  a  little 
earlier,  according  to  the  conditions  of  working,  the  wall  of  the  slide 
valve  on  tho  right  commences  to  uncover  the  entry  port  into  the 
.steam  cylinder  on  the  right,  the  steam  then  passing  into  the  cylinder 
behind  the  piston,  which  is  now  at  the  right  hand  of  the  cylinder, 
the  piston  now  commencing  to  travel  from  right  to  left.  At  a  certain 
portion  of  the  stroke,  the  slide  valve  again  commences  to  return, 
gradually  closing  the  entry  port  on  the  right,  and  then  opening  the 

I  entry  port  to  the  hollow  space  in  the  middle  of  the  slide  and  thence 
to  the  exhaust,  the  entry  port  on  the  left  then  commencing  to  be 
uncovered,  and  so  on. 
For  large  engines,  however,  tho  simple  slide  valve  is  not  found 
satisfactory,  because  it  would  be  obliged  to  be  made  too  large  and  to 
have  a  very  long  travel,  To  meet  this,  double-ported  slide  valves 
are  employed,  in  which  the  entry  ports  to  the  engine  cylinder  are 
larger  than  with  the  simple  slide  valve,  and  there  are  two  spaces  lead- 
ing into  them  which  are  swept  over  by  two  portions  of  the  surface  of 
the  slide  valve.  The  slide  valve,  again,  is  divided  up,  the  central 
portion  and  the  portion  surrounding  the  two  additions  on  the  right 

■  and  left  making  connection  with  the  exhaust,  while  the  back  of  the 
slide,  where  the  steam  chest  is,  is  iu  communication  with  the  additional 
portions  to  right  and  left.     Taking  the  valve  in  its  central  position, 

I  with  all  ports  closed,  and  suppose  it  to  move  to  the  right,  the 
left-hand  portion  of  the  left-hand  entry  port  will  be  uncovered 
lv  tho  main  body  of  the  slide,  while  the  right-hand  portion  of  the 
same  entry  port  will  be  placed  in  communication  with  the  hollow 
part  of  the  left-hand  addition  to  the  slide,  which  is  also  in  communi- 
cntiou  with  the  steam  chest,  the  steam  then  passing  through  both 
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Eortions  of  the  entry  port  into  the  steam  cylinder  to  the  left  am 
chind  the  piston,  forcing  it  over  to  the  right.  At  a  certain  portu 
of  the  stroke,  the  slide  valve  commences  to  return  and  to  graduall; 
close  the  two  portions  of  the  entry  port,  and,  later,  to  open  both 
portions,  one  to  the  hollow  space  in  the  centre  of  the  slide,  and 
the  other  to  the  space  on  the  left  leading  to  the  same  hollow  apace, 
and  both  leading  to  the  exhaust.  The  action  of  the  double- ported 
slide  is  exactly  the  same  in  other  respects  as  that  of  the  single- 
ported.  As  the  slide  moves  again  to  the  left,  the  steam  is  admitted 
to  the  right-hand  entry  port  behind  the  piston  which  is  now  at 
the  right-hand  end  of  the  cylinder,  and  commences  to  move  it  to 
the  left,  and  Brain,  at  a  certain  portion  of  the  stroke,  the  slit-- 
commences  to  close  both  portions  of  the  right-hand  entry  port,  and 
a  little  later  to  open  both  to  the  hollow  portion  of  the  val 
thence  to  the  exhaust. 


ire 


Giving  Motion  to  the  Slide  Valve 

Motion  is  given  to  the  slide  valve  by  moans  of  a  rod  worked  from 
the  crank  shaft,  the  to  and  fro  motion  being  obtained  by  what  are 
termed  eccentrics.     It  is  well  understood  that  when  a  disc  is  pivotted 
at  its  centre,  any  rod  attached  to  its  periphery  will  have  a  to  and  fi 
motion  exactly  tho  same  in  each  direction,  just  as  the  crank  sha 
in  fact,  in  some  ceases,  a  disc  is  employed  in  place  of  a  crunk 
A  disc,  however,  has  tho  advantage,  by  proper  arrangement,  that  tli 
amount  of  the  to  and  fro  motion  can  be  regulated.     Thus,  if  a 
connected  to  the  periphery  of  a  disc  12  inches  in  diameter,  the  total 
travel  of  the  rod  will  be  12  inches,  while  if  it  is  connected  to  a 
only  1  inch  from  the  centre,  its  travel  will  be  only  2  inches,  and 
on  in  proportion.     The  rod  which  gives  motion  to  the  slide  is 
nected  to  a  certain  point  on  a  disc,  the  disc  working  on  the  crank 
shaft,  the  travel  of  the  crank  shaft,  or  the  throw  of  the  eccenti 
depending  upon  the  distance  of  the  attachment  of  the  rod  to  the  dis 
from  the  centre  of  the  crank  shaft.     In  expansion  governors,  as  wil 
he  explained,  it  is  arranged  to  increase  or  decrease  the  throw  of  the 
eccentric  by  the  increase  or  decrease  of  speed  of  tho  engine. 

The  object  of  this  is  to  increase  or  decrease  the  time  during  wl 
the  entry  port  of  the  cylinder  is  open  to  the  steam  chest.     It  will  bl 
understood    that  as  the   slide   valve  moves  across  the  cylinder, 
gradually  exposes  a  portion  of  the  cylinder  entry  port  to  the  sti 
sheet.     As  it  moves  onward  in  the  same  direction,  the  space  opei 
gradually  increases  until,  if  it  is  allowed  to  do  so,  the  entry 
is  fully  exposed  to  the  steam  chest.     This  is  the  case  expiaine. 
previous  page,  where  the  engine  is  not  worked  expansively, 
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where  the  steam  merely  pushes  the  piston  to  the  end  of  its  stroke. 
It  was  explained,  however,  that  for  economy  the  steam  is  only  allowed 
to  enter  for  a  certain  portion  of  the  stroke,  usually  from  half  of  the 
stroke  downwards  to  as  low  as  one-tenth,  and  this  is  accomplished  in 
the  case  of  the  slide  valve  by  only  allowing  it  to  travel  i,  i,  or  tV 
as  the  case  may  be,  of  the  stroke  before  it  commences  to  return,  the 
amount  of  travel  being  arranged  so  that  the  port  only  remains  open 
altogether  for  the  proportion  of  the  stroke  decided  upon.  This 
variable  length  of  travel  of  the  slide  is  accomplished  by  varying  the 
position  of  the  pin  upon  which  the  eccentric  rod  works  in  the  disc 
which  carries  it  round  the  crank  shaft.  For  reversing  the  engine 
two  eccentrics  are  employed,  one  taking  charge  of  the  slide  when  the 
engine  is  running  in  its  normal  direction,  and  the  other  taking  charge 
of  it  when  the  engine  is  running  in  the  reverse  direction.  It  will 
be  understood  that  the  direction  of  motion  of  the  engine  can  be 
reversed  by  admitting  steam  to  the  opposite  side  of  the  piston  to 
that  nt  which  it  would  be  admitted  to  move  it  in  the  direction  in 
which  it  would  travel  if  running  normally,  and  this  is  accomplished 
by  what  is  culled  link  motion,  and  which  is  srranged  to  change  the 
eccentric  controlling  the  motion  of  the  slide  rod  from  that  which  moves 
the  slide,  so  that  steam  enters  the  cylinder  normally,  to  that  which 
moves  the  slide,  so  that  it  enters  on  the  opposite  side  of  the  piston. 
The  link  motion  consists  of  a  link  or  arc  of  a  circle,  tu  which  the  rod 
moving  the  slide  is  attached  in  such  a  manner  that  the  pin  connecting 
it  to  the  link  can  move  along  from  one  end  of  the  arc  to  the  other. 
To  the  ends  of  the  arc  are  attached  the  two  rods  connected  to  the  two 
eccentrics,  one  at  each  end  of  the  arc.  When  the  slide  rod  is  midway 
between  the  two  eccentric  rods  there  is  no  motion  of  the  slide  rod  at 
all,  and  when  it  is  pulled  to  one  end  of  the  arc  it  forniB  a  continuous 
rod  with  one  of  the  eccentric  rods,  that  eccentric  then  controlling  the 
slide  motion,  the  other  one  being  out  of  gear.  To  reverse  the  dip 
of  motion,  the  slide  valve  is  moved  through  the  arc  to  the  oilier  and, 
where  it  forma  a  line  with  the  other  ecceutric  rod  which  then  controls 
the  slide  motion. 


Objections  to  the  Slide    Valve 

There  are  several  objections  to  the  slide  valve,  which  hive 
gradually  caused  it  to  fall  into  disuse.  One  is,  that  considerable 
leakage  of  steam  often  takes  place,  owing  to  the  valve  surfaces 
becoming  worn,  and  providing  a  space  through  which  the  steam 
escapes.  If  the  slide  valve  is  to  accurately  coutroL  the  admission 
of  steam  to  the  engine,  thore  must  be  no  possibility  of  the  steam 
escaping,  say,  along  the  face  of  the  slide  to  the  exhaust  valve;  but 
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this  is  what  takes  place,  unfortunately,  when  the  slide  is  worn,  tl 
steam  so  passing  being  lost  for  useful  purposes,  and  increasing  tl 
amount  of  coal  consumed  in  the  boiler  furnace  uselessly.     Furtht 
the  steam  which  passes  through  the  cracks  so  formed  tends  to  inci 
them,  and  thereby  to  increase  the  leak.     On  the  other  hand,  thei 
ore  complaints  that  very  great  friction  is  often  set  up  between  t! 
face  of  the  slide  valve  and  the  surface  of  the  cylinder  upon  wfa 
works,  owing  to  the  pressure  of  the  steam  behind   the  slide, 
friction  leading  to  wear  ami   to  leakage.     This  has  led  to  varioi 
fcrms  of  what  are  known  aa  balanced-slide  valves,  in  which  smallt 
slide  valves  are  placed  behind  the  main  valve,  and  are  so  an  -an; 
as  to  relievo  tlie  pressure  of  the  steam  upon  the  back  of  the  vali 
end  facilitate  its  comparatively  easy  motion. 


Lap  and   Lead  of  Slide  Valve 

Tim  surface  of  the  slide  valve  that  is  in  contact  with  the 
surface  of  the  cylinder  over  which  it  moves,  extends  beyond  the 
actual  cover  forming  the  port  through  which  the  steam  passes  lo 
the  cylinder  and  to  the  exhaust,  and  these  extensions  at  either  end,  it 
will  be  easily  understood,  tend  to  change  the  time  during  which  the 
entry  port  is  open  to  the  steam  chest ;  and,  again,  during  which  the 
other  entry  port  is  open  to  the  exhaust.  These  extensions  are  known 
as  lap  and  lead,  and  they  can  bo  arranged  to  effect,  permanently,  what 
is  effected  by  the  variation  in  the  throw  of  the  eccentric. 


The  Piston  Slide  Valve 


In  the  piston  slide  valve  the  admission  of  steam  to  the  cylinder, 
and  the  egress  of  steam  from  the  cylinder  to  the  exhaust  pipe,  are 
controlled  by  valves  having  the  form  of  short  solid  cylinders,  similar 
in  form  to  engine  pistons,  and  known  as  piston  valves.  They  perform 
exactly  the  same  office  as  the  slide  valve  does,  and  in  very  much 
the  same  way.  There  is  the  same  steam  chest,  or  valve  case,  the 
same  entry  ports  leading  to  the  steam  cylinder,  and  the  surfaces  ol 
the  piston  valve  perform  the  same  office  of  closing  the  entry  ports 
leading  to  the  steam  cylinder,  as  the  walls  of  the  slide  valve  do. 
The  body  of  the  piston  valve  is  cut  away  in  the  centre,  this  forming 
a  hollow,  corresponding  to  the  hollow  space  formed  by  the  ordinary 
slide  valve.  The  action  of  the  valve  is  exactly  the  same.  Assum- 
ing the  valve  to  be  in  its  central  position,  when  both  entry  porta 
are  closed  by  the  larger  portion  of  the  piston  valve  at  each  end. 
and   suppose   the  valve  to   move   upwards,  the  entry  port  leaf 


10c— Vertical  Compound  Euulosed  Engine,  with  Steam  Sapurntor.  and  driving 
a  Dynamo,  made  by  East&u  &  Bessemer. 
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to  the  lower  part  of  the  steam  cylinder  will  gradually  be  un- 
covered, steam  entering  the  steam  cylinder  from  the  steam  chest, 
through  it,  and  driving  the  piston  upwards.  At  the  same  time  a 
portion  of  the  hollow  space  in  the  centra  of  the  piston  valve  will 
come  opposite  the  upper  entry  port  of  the  steam  cylinder,  and  the 
steam  will  flow  out  from  the  upper  part,  of  the  cylinder  into  the 
hollow  space,  and  thence  to  the  exhaust.  At  a  certain  portion  of 
the  stroke,  as  with  the  slide  valve,  the  piston  valve  will  commence 
to  move  downwards,  gradually  closing  the  lower  entry  port  of  the 
steam  cylinder,  and  gradually  closing  the  opening  between  the  upper 
iMitrv  port  and  the  exhaust.  As  the  valve  continues  to  move  down- 
wards, the  upper  entry  port  will  be  gradually  opened  in  the  steam 
chest,  and  the  lower  entry  port  to  the  hollow  space  in  the  middle  of 
the  piston  valve,  and  to  the  exhaust,  and  so  on. 

The  piston  valve  receives  motion  from  the  crank  shaft  by  means 
of  rods  worked  by  eccentrics,  just  as  the  slide  valve  does. 

It  will  be  Been  that  with  this  form  of  valve  there  is  not  so  much 
danger  of  leakage  of  steam  past  the  valve  into  the  exhaust,  and  it  is 
more  commonly  employed  for  high  pressures,  while  there  is  also  nob 
the  same  pressure  forcing  it  against  the  surface  of  the  cylinder  as  in 
the  ordinary  slide  valve.  Several  forms  of  high-speed  engines  use 
this  valve. 


Drop  Valves 

The  drop  valve,  one  form  of  which  is  shown  in  section  in  Fig.  103, 
has  been  adopted  by  Messrs.  Robey,  Messrs.  Marshall,  and  others, 
for  some  of  their  engines.  The  valve  which  is  shown  at  A  in  the 
drawing  is  in  equilibrium,  that  is  to  say,  the  pressure  of  the  steam 
is  the  same  on  each  side  of  it,  and  it  is  arranged  for  the  steam  to 
pass  into  the  cylinder  when  the  valve  is  lifted,  Attached  to  the 
engine  is  an  arm  shown  with  an  eccentric  on  it,  taking  motion  by 
bevelled  gear  from  the  crank  3haft,  and  working  the  eccentric  rod  K, 
which  gears  with  a  rod  marked  B  in  the  drawing,  pivotted  as  shown, 
the  other  end  of  which  engages  with  the  vertical  rod  supporting  the 
valve.  As  the  eccentric  moves  round,  the  eccentric  rod  K  describes 
an  arc,  in  the  course  of  which  it  depresses  the  end  of  the  lever  B, 
raising  the  rod  attached  to  the  valve  rod,  and  opening  it,  the  steam 
then  entering  the  cylinder.  As  the  eccentric  rod  moves  on,  as  the 
stroke  proceeds,  the  tripping  gear  attached  to  the  end  of  the  rod  is 
disengaged  from  the  lever  B,  and  the  spring  above  the  valve  A 
immediately  closes  it.  It  is  arranged  that  the  eccentric  rod  shall 
engage  with  the  lever  B,  just  before  the  commencement  of  the  stroke, 
and  the  disengagement  is  controlled  either  by  the  governor,  or  by 
screws  provided  for  the  purpose.     Fig.  103  also  shows  the  same  valve 
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arranged  for  tho  exhaust,  a  second  eccentric  rod  being  carried  as 
shown  below  the  other  one,  and  opening  the  exhaust  valve  in  the 
lower  part  of  the    cylinder,   through  which    the   steam  paswa 


Fio.  103. — Traniverte  Section  of  Cylin- 
der will;  Drop  Valve,  with  Trip  (i(-:ir, 
us  made  by  Messrs,  Marshall. 


Fig.   104,— Longitudinal    of   Cylin 
with  Drop  Valves  and  Trip  Gear  tor 
Steam  Kntry  and  Exhauat. 


the  exhaust  pipe  and   to  the  condenser,  etc.     It  will  he  seen  by 
drawing  in  Fig.  104,  showing  a  complete  cylinder,  that  there  arc  d 
valves  for  each  side  of  the  piston  for  entry,  ond  also  for  exhaust. 
Plate  17b  is  a  view  of  a  cylinder  fitted  with  trip  gear  and  the  governor. 


LiflL 


The   Piston    Drop   Valves 


The  piston  drop  valve,  made  by  Messrs.  Cole,  Morchent,  and  Mi 
of  Bradford,  is  worked  in  a  similar  manner  to  the  drop  valves  juv vanish- 
described,  but  the  body  of  the  valve  is  a  solid  cylinder,  and  not  of 
the  usual  mushroom  form  employed. 


Cornish    Valves 

The  Cornish  valve  is  really  a  drop  vulve.     It  is  very  much 
in  winding  engines  for  mines,  and  was  also  used  in  the  old  Co 
pumping  engines.     Id  is  an  equilibrium  valve,  like  the  drop  valves 
described,     The  valve  is  usually  fixed  in  its  own  valve  box,  for 
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of  the  engine  easting,  aud  is  lifted  by  a  lever,  worked  by  the 
rod  from  the  crank  shaft,  it  being  lifted  oil"  its  seat  at  the 
•moment,  and  dropped  back  and  forced  into  its  acat  at  the  point 
of  cut  off  by  weights  fixed  on  the  valve  rod  above. 


The  Corliss  Valve 


LTic  Corliss  valve,  which  is  an  American  design,  is  in  the  form 
hollow  cylinder,  but  in  place  of  rising  and  falling  in  a  port 


nc.i 


Fin.  105.— Arrangement  o£  Corliss  Valves,  with  Wriat  Plato,  as  made  by  the  Fulton 
Co.  of  America.  S  S  arc  the  Chambers  for  Steam  Entry ;  E  E  those  for  Exhaust; 
B  is  tho  \\  rii-t  Plato ;  K  K  and  L  L  the  Lovers  transmitting  Motion  from  it  to 
the  Levers  D  D,  N  N  which  move  the  Valves;  A  is  the  eocentrio  Rod  moving 
the  Wrist  Plata;  H  H  are  Rods  connected  with  tho  Governor*  actuating  the 
cut  off ;  P  P  are  Dash  Pots. 

provided  For  it,  it  revolves  within  the  port.  Fig.  105  shows  the 
arrangement  of  the  valve.  The  valve  is  usually  fitted  to  horizontal 
angioee,  and  that  there  aro  four  such  valves  plocod  around  ike 
cylinder,  and  worked  by  the  system  of  rods  shown,  from  the 
crank  shaft.  The  cylinders  forming  the  valve*  have  portions  cut 
11  way,  aud  the  casting  forming  the  side  of  the  cylinder,  in  which 
the  valves  work,  has  ports  leading  from  tho  steam  chest  to  the 
steam  cylinder,  and  when  a  space  in  the  valve  is  opposite  to  two 
spaces  in  the  cylindrical  aperture  in  which  it  works,  steam  passes 
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through  it,  from  the  9team  chest  to  the  cylinder.  Fig.  106  is 
sectional  drawing  of  a  single  cylinder  engine  with  Corliss  valves,  in 
which  the  forms  of  the  valves  are  clearly  shown.  Again,  when 
portions  cut  away  in  the  valve  are  opposite  the  entry  port  to  the 
cylinder,  and  n  port  leading  to  the  exhaust,  the  steam  passes  through 
the  vnlve  from  the  cylinder  to  the  exhaust  pipe.  The  valve  is 
rotated  as  shown  by  rods  from  the  crank  shaft,  and  is  usually  brought 
back  by  springs.  It  will  be  understood  that  the  time  during 
steam  is  admitted  to  the  cylinder  on  either  side  of  the  piston,  can  be 
controlled  by  the  time  during  which  the  cut  away  portions  in  the 
valves  are  opposite  the  passages  leading  to  the  steam  cylinder,  and 
this  is  controlled  by  devices  to  be  explained.  The  four  valves 
worked  by  four  rods  from  a  disc  known  as  a  wrist  plate,  which 


Fio.  106. — Section  of  Single  Cylinder  Engino,  with  Corliss  Valves,  mode  by  lie 
Atlas  Co.     The  form  of  the  Entry  and  Exhaust  Valves  are  clearly  shown. 

pivoted,  as  shown  in  Fig.  105,  on  the  side  of  the  engine  cylinder,  to 
which  the  four  rods  are  attached,  and  a  rod  leading  to  an  accentric  on 
the  crank  shaft.  The  eccentric  rod  moves  the  wrist  plate  to  and 
fro  upon  its  central  pivot,  and  the  plate  moves  the  rods  to  and  fro  in 
their  order,  the  rods  moving  the  valves.  Assuming  the  piston  to  be 
at  the  left  of  the  cylinder,  the  entry  valve  at  the  top  left-hand  corner 
is  opened  by  its  rod,  remaining  open  for  a  certain  time,  and  is  then 
closed,  and  at  the  end  of  the  stroke,  or  sligblly  before,  or  again  a 
little  after,  as  may  be  arranged,  the  valve  ou  the  lower  left-hand 
corner  is  opened  by  its  rod,  the  steam  passing  into  the  cylinder  when 
the  upper  valve  is  opened,  during  the  time  it  remains  open,  and 
passing  out  to  the  exhaust  when  the  lower  valve  is  opened.  Wl*» 
the  pistou  arrives  at  the  right-hand  end  of  the  cylinder,  or  a  little 
before,  as  may  be  arranged,  the  entry  valve  at  the  right-hand  top 
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corner  is  opened,  steam  passing  into  the  cylinder,  the  exhaust  valve 
at  the  right-hand  lower  corner  being  opened  at  the  end  of  the  stroke, 
and  so  on,  these  motions  corresponding  to  the  motions  of  the  slide 
valve.  The  working  of  the  valves  themselves,  by  the  rods  from  the 
wrist  plate,  is  not  quite  so  simple.  The  steam  entry  valves  are  also 
under  the  control  of  the  governor,  as  shown  in  Fig.  105,  being  allowed 
to  remain  open  a  longer  or  shorter  time  as  with  the  slide.  The  Corliss 
valve  is  liked  because  it  enables  economical  steam  working  to  be 


F*o.  107.— Double  Cylinder  Corliss  Engine,  made  bv  the  Fishkill  Co,,  of  America. 

obtained,  there  being  little  friction,  compared  with  the  slide  valve, 
and  smaller  chance  of  leakage,  since  the  entry  and  exhaust  valves 
are  not  together.  Fig.  107  shows  a  double  cylinder,  and  Plate  1Gb  a 
single  cylinder  Corliss  engine. 


The  Hill  or  Wheelock  Valve 


The  Hill  or  Wheelock  valve,  which  is  made  by  Messrs,  Adamsou 
in  this  country,  comes  to  us  from  America,  and  it  is  claimed  to  have 
certain  advantages  over  the  Corliss  valve,  which  it  resembles  in  some 
features.  Two  types  of  the  valves  are  made,  known  respectively  as 
A  and  B.  Both  types  of  valves  are  fixed  in  castings  provided  for 
tlrem,  forming  the  steam  chests  for  the  cylinders.  Typo  A  is  slightly 
conical,  and  works  in  a  bore  of  the  same  shape,  in  the  casting  provided 
for  it.     It  is  suspended  on  trunnions,  and  has  a  semi-rotating  move- 

»ment,  something  on  the  lines  of  the  Corliss  valve,  motion  being  given 
to  it  by  an  eccentric  rod.  In  type  A  there  is  a  valve  for  the  entrance 
of  the  steam  to  each  side  of  the  cylinder,  and  another  valve  for  the 
egress  of  the  steam,  but  both  are  worked  by  one  eccentric,  the  exhaust 
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valve  spindles  being  connected  directly  to  it,  and  the  entry  valve 

spindles  being  worked  from  the  exhaust  valve  spindles,  by  latch  links. 

In  the  type  B  valve,  the  exhaust  and  entry  valves  are  in  one. 

The  arrangement  is  similar  to  that  of  type  A,  up  to  a  certain  point, 

the  valves  being  fixed  in  the  casting 
below  the  cylinder,  as  shown  in 
Fig.  100,  and  being  slightly  (mini, 
and  working  in  bores  of  similar 
form  in  the  casting.  The  inside  of 
the  valves,  however,  are  Mat  grid- 
irons, one  for  the  exhaust  and  one 
for  the  entry,  each  coming  opposite 
to  its  proper  port  at  the  proper 
time,  the  whole  being  worked  by 
an  eccentric  rod  from  the  crank 
shaft. 


Stop  Valves 


i  try 


Tho  stop  valve  is    the    en 
valve,  allowing  the  steam  to 
from  the  steam  pipe,  through  which 
it  arrives  from  the  boiler,  into  the 
steam  chest  of  the  engine,  and  also 
for  admitting  the  steam  from  the 
boiler  to  the  steam  pipe.     The  stop 
valve  is  usually  a  casting  of  one  of 
the  forms  shown,  with  rlanges  for 
bolting    to  a  corresponding  flange 
on  the  steam  pipe,  and  another  on 
the  steam  inlet  port  of  the  engine, 
or   the  outlet   port  of  the   be 
and  it  contains  a  space,  somen 
spherical,  sometimes  elliptical,  and 
of  other  forms,  in  which  the  valve 
mechanism    moves.      The  cufci 
as  a  whole,  is  merely  a  continuation 
of  the  steam  pipe.     It  is  a  passage 
for  the  steam  from  the  pipe  into  the 
engine,  and  it  is  provided  with  some 
arrangement  by  which  a  barrier  can  be  introduced  in  the  path  of  the 
steam,  wholly  or  partially  preventing  its  passage,     Fig.  108  showi 
the  action  very  clearly.     In  the  sectional  drawings,  shown  in  Figs. 
lUii  and  110,  of  valves  made  by  Messrs.  Alley  &  Mnclellan,  Fig.  II 
is  a  stop  valve  with  equilibrium  moving  member,  and  Pig.  I  In  i 


Fig.  108.— One  form  of  Stop  Valve, 
made  by  W.  If.  Willcox,  which 
shows  tho  principle  of  tho  apparatus 
very  dearly.  Tno  Valve  would  bo 
inserted  between  the  Pipe  leading 
to  the  Steam  CheRt  and  that  coming 
from  the  Boiler.  Steam  enters  from 
the  Boiler,  through  the  aperture  oa 
tho  left,  and  when  tho  Valve  ia  open, 
paseoa  up  through  the  Valve  Soat  A, 
aud  out  to  the  right,  to  the  Kngine. 
When  tho  portion  B  ia  forced  down 
oa  to  A,  the  passage  of  Steam  is 
prevented,  and  its  flow  can  bo  regu- 
lated hy  leaving  B  closer  to  or 
farthor  from  A.  In  this  Valve  B 
and  A  are  renewable. 
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;le  valve  on  something  the  same  lines.  The  moving  member  in 
the  throttle  valve  is  actuated  by  a  rod  from  the  governor,  instead  nf 
by  hand.  There  are  two  forms  of  valves,  known  as  the  globe  and  the 
angle.  In  tho  globe  valve,  projections  are  made  on  the  inside  of  the 
casting,  from  the  bottom  of  the  inlet  and  the  top  of  the  outlet,  the  two 
having  a  space  between  them,  in  which  a  circular  casting  called  me 
valve  seat  is  fixed,  and  the  valve  itself  moves  up  and  down  in  the 
valve  seat.  When  the  valve  is  closed  down,  as  shown  in  Figs. 
109  and  110,  the  steam  cannot  pass  through.  The  valve  is  lifted 
by  the  hand  wheel  shown  at  the  top,  which  will  be  familiar  to  every 
user  of  an  engine,  and  to  ever)'  one  who  has  seen  an  engine.     When 


FiG.103-Se-:tiouofnStopV»]\c 
made  by  Metsirs.  Alley  &  Mm- 
U-lUn.  Tha  moving  portion 
Of  tlio  equilibrium  typo. 
?>feani  pwuca  from  one  tide  of 
the  Valvo  to  the  other  when 
tbo  moving  momboc  U  raised. 


Fig.  110.—  Section  ol  Throttle  Valve 
with  equilibrium  moving  member, 
made  by  Mourn.  Alloy  &  Mac  loll  an. 


the  hand  wheel  is  turned,  the  screw  shown  in  the  drawing  lifts  the 
valve  off  its  seat,  and  the  steam  is  allowed  to  pass  through,  in  pro- 
portion to  the  space  provided  tor  it.  Ln  the  angle  valve,  the  valve 
seat  is  fixed  in  the  entry  port  of  the  easting,  the  steam  turning  at 
right  angles,  as  it  passes  through  the  valve,  the  other  arrangements 
being  the  same. 

The  stop  valve  may  be  fixed  in  any  convenient  position,  and  is 
always  arranged  so  that  the  engine  man  can  liandle  the  wheel  con- 
veniently. A  favourite  position  is,  the  valve  casting  being  fixed 
vertically,  and  the  wheel  standing  out  at  the  rear  of  the  engine. 

The  stop  valve  is  often  made  of  the  equilibrium  type,  as  in 
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E  i  ja  109  and  110,  that  is  to  say,  the  valve  is  in  two  halves,  so  that 
there  is  no  pressure  of  the  ateani  keeping  the  valve  closed,  and 
therefore  there  is  no  difficulty  in  opening  and  closing  it. 

The  valve  body  is  usually  of  cast  iron,  and  the  valve  seat  of  sun- 
metal.  It  is  complained  that  with  the  usual  arrangement  in  which 
the  valvo  seat  is  diiven  into  a  recess  in  the  cast-iron  body  of  the 
valve,  unequal  expansion  and  contraction  with  the  different  ranges 
of  temperature  to  which  the  apparatus  is  exposed,  lead  to  leakage  of 

the  steam  through  the  valve,  and  thia 
has  led  to  the  design  of  several  forms 
of  valves  arranged  to  overcome  thu 
difficulty. 

As  mentioned  also,  in  a  pc 
portion  of  the  chapter,  the  parts  of  the 
stop  valves  themselves  should  be  wanned 
up  before  the  valve  is  put  in  operatiou, 
so  that  condensation  shall  not  take 
place  in  the  valve,  or  the  steam  pipe 
beyond  it, 


The  Parallel  Slide  Stop  Valve 

One  of  the  forms  designed  to 
come  the  defects  of  the  ordinary  stop 
valvo  is  tho  parallel  slide  stop  valv.', 
made  by  Messrs.  Hopkinson  &  Co.,  «( 
Hudderstield,  as    shown  in   Kg,  lit 
The  armngement  is  claimed   to  be  » 
considerable    advance    upon    the  ordi- 
nary stop  valve,  and  it  is  also  claimed 
that  all   sources  of  leakage  from  un- 
equal expansion  have  been  eliminuled. 
There  are  two  valve  seats,  as  will  be 
eeen,   one  on   each   side    of   the   pipG 
forming   the    bore  of  the   valve,  the   valve  seats  being  specially 
arranged  so  that  they  are  free  to  expand,  without  creating  leakage, 
The  valve  is  closed  by  the  central  portion  sliding  in  between  the 
two  valve  seats,  and    completely  filling  up  the    steam  way.    The 
moving  poition  nf  the  valve  consists  of  two  discs,  forced  outwards 
from  each  other  by  strong  springs,  the  discs  moving  over  the  faces  of 
the  valve  seats,  on  roller  bearings.     The  valve,  as  a  whole,  is  drawn 
hack  bodily,  parallel  with  the  valve   seats,  into  the  space  shown 
above  in  the  drawing,  provided  for  it,  by  the  usual  wheel  and  screw, 
as  shown.     When  the  valve  is  to  be  closed,  it  is  forced  forwl 


Fig.  Xll.  —  Hopkinson'a  Parallel 
Slide  Stop  Valve. 


17a.     Horiaoutftl  Cross-compound  Kngino,  with  Ropo  Drivo,  for  r.anciu-hifo 

Wills. 


Plati:    17m.     Trip-v.ilve  Guar  uiid  Govornor,  mud*.'  >■    BMtM  A   I  ■ 
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the  same  way.  It  is  claimed,  in  addition  to  the  absence  of  leakage 
mentioned,  that  when  the  valve  is  wide  open,  there  is  a  full  bore  for 
the  steam,  equal  to  the  steam  pipe,  unchecked  by  any  projections, 
such  as  those  employed  in  the  usual  form  of  stop  valve.  When  the 
valve  is  partially  open,  the  passage  for  steam  is  crescent  shaped.  In 
addition  to  the  valve  seats  being  arranged  to  prevent  leakage,  the 
stuffing  box  or  gland  of  the  valve  is  also  specially  constructed,  to 
provide  against  leakage.  Tho  passage  through  the  top  of  the  valve 
box  is  bored  to  a  conical  form  for  a  short  distance,  as  shown,  and 
then  the  usual  cylindrical  form  is  resumed,  The  conical  portion  is 
filled  with  a  bush  of  a  special  material,  which  is  claimed  to  resist 
the  action  of  water  and  high-pressure  steam.  The  space  immediately 
above  it  is  filled  with  a  preparation  of  asbestos  and  plumbago,  the 
whole  being  closed  by  the  metallic  gland.  The  screw  spindle  which 
operates  the  valve,  is  also  made  on  tho  weLl-known  compensation 
principle,  by  which  variations  of  temperature  are  provided  for. 

A  modification  of  the  parallel  slide  stop  valve  is  the  Hopkinson- 
Ferranti  valve,  in  which  the  inlet  and  outlet  portions  of  the  valve 
are  coned,  the  valve  itself  being  fixed  in  a  throat  between  the  two 
cones.  The  steam  enters  the  valve  through  a  converging  nozsle, 
passing  into  the  valve  with  a  high  velocity,  and  passing  out  through 
a  diverging  nozzle,  in  which  the  velocity  is  lowered  to  the  normal. 


\  ,,, 


Centre    Pressure   Stop  Valve 


Another  form  of  valve  made  by  Messrs.  Hopkinsoo,  which  it  is 
claimed  accomplishes  practically  the  same  object,  is  shown  in  section 
in  Figs.  112,  113,  and  114,  tho  figure  on  tho  left  showing  the  valve 
shut,  that  in  the  middle  showing  it  partially  opened,  and  that  on 
the  right  fully  opened.  In  this  form  of  valve  there  is  a  casting 
very  similar  to  that  of  the  ordinary  stop  valve,  with  two  projections, 
one  from  the  lower  portion,  and  the  other  from  the  upper  portion, 
having  the  cylindrical  space  between  them,  as  in  the  ordinary  form 
of  valve ;  and  in  this  cylindrical  space  two  distinct  valve  seats  are 
fixed,  on  the  lines  of  the  valve  seats  described  in  connection  with 
the  parallel  slide  valve.  The  moving  portion  of  the  valve  is  in 
two  parts,  ono  moving  upwards  in  closing  in  the  lower  space,  and 
-■orning  against  the  lower  portion  of  the  lower  valve  seat ;  and  the 
ather  moving  downwards  in  closing,  and  coming  against  tho  upper 
portion  of  the  upper  valve  seat.  The  two  valves  are  separately 
controlled  by  the  system  of  spindles  shown  above  the  valve  casing, 
both  of  them  being  worked  by  the  wheel .  and  screw,  in  the  usual 
way.     The  upper  valve  is  the  main  valve,  and  it  is  always  opened 

fl 
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first,  and  closed  last.  When  tho  valve  is  to  be  opened,  the  uppei\ 
valve  is  raised  from  its  seat,  as  shown  in  the  middle  drawing,  the 
low  i  valve  still  preventing  tho  passage  of  steam  through.  When 
the  upper  valve  has  been  fully  opened,  the  lower  valve  is  lowered,  as 
shown  in  the  figure  on  the  right,  and  tho  stoam  then  passes  freely 
through.  When  the  valve  is  to  be  closed,  the  lower  valve  is  first 
drawn  up  to  its  seat,  thus  shutting  off'  tho  steam,  tho  main  valve  then 
nut.  hiiving  the  steam  pressure  against  it,  is  easily  closed.  The  double 
action  is  obtained  by  the  aid  of  the  floating  bridge  above,  which  is 


Fin.  ns.— Valve  made  by  Messrs.  W.  H.  Bailey  &  Co.  for  reducing  He  prweuro  of 
Steam,  from  that  of  the  service,  to  what  the  Engine,  or  other  apparatus,  can 
conveniently  handle.  Tho  Steam  la  throttled  in  pawing  through  tho  Valve, 
issuing  at  a  lovror  pressure. 


drawn  upwards  when  the  hand  wheel  is  turned  counter  clockwise, 
and  which  draws  up  tho  carrier  attached  to  the  main  valve.  When 
[he  quid  valve  is  fully  opened,  the  floating  bridge  engages  with  stops 
provided  for  it,  and  then  becomes  a  fixed  nut,  the  screw  revolving 
in  it.  and  the  central  spindle  which  is  attached  to  the  lower  valve, 
then  moving  the  latter  downwards,  the  reverse  operation  taking 
place  when  the  valve  is  to  bo  moved  upwards.  Another  valve  that 
is  useful  at  times  is  the  reducing  valve,  one  form  of  which  ia  shown 
iu  Fig,  115.  It  enables  steam  to  be  takoii  from  a  high-pressure 
service  and  used  in  low-pressure  apparatus. 
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Taking  the    Power  from   the   Piston 

It  has  been  explained  that  the  energy  delivered  to  the  water 
the  boiler  is  delivered  by  the  steam  that  is  formed  from  the  water 
tho  moving  pistons,  in  the  cylinders  of  reciprocating  engines.  The 
next  problem  is,  the  delivery  of  the  power  from  the  piston  to  the 
machine  or  apparatus  that  is  to  be  worked.  In  the  early  Cornish 
pumping  engines,  the  arrangement  was  a  very  simple  one,  the  steam 
cylinder  stood  under  one  end  of  a  long  lever,  and  the  pump  Mood 
under  the  other  end.  A  rod,  or  system  of  rods,  connected  the  piston 
with  one  end  of  the  lever  or  beam,  and  another  rod  or  system  of  ro 
connected  tho  other  end  of  the  beam  with  the  pump  buckets, 
the  piston  moved  upwards  in  the  cylinder,  it  forced  that  end  of 
beam  up,  the  opposite  end  being  depressed,  and  driving  tho  pump 
buckets  down  into  the  pump  in  the  suction  stroke.  When  the  piston 
descended,  as  explainod  in  a  previous  part  of  the  book,  when  the  steam 
underneath  it  was  condensed,  it  pulled  down  the  end  of  the  beam 
above  it,  the  opposite  end  ascending,  and  pulling  up  the  pump  buckets, 
with  their  load  of  water,  and  delivering  it  to  the  delivery  pma 
With  this  arrangement  a  certain  amount  of  play  is  necessary 
between  the  ends  of  the  pump  rods  and  the  beam,  and  also  between 
the  end  of  the  rodB  connecting  the  piston  with  the  beam.  This  pi 
is  provided  for  by  a  loose  joint,  allowing  the  ends  of  the  rods 
move  round  the  ends  of  the  lever. 

For  a  large  portion  of  the  work  of  the  steam  engine,  however, 
is  necessary  to  convert  the  to  and  fro  motion  of  the  piston  into  ro 
motion,  and  this  is  done  by  the  aid  of  a  crank  shaft  and  connect  iui; 
rods.  In  a  great  many  instances,  power  is  conveniently  taken  from 
a  continuously  revolving  shaft,  such  as  a  crank  shaft,  and  is  con-* 
to  to  and  fro  motion,  where  required,  in  the  machine  to  be  rl 
by  other  mechanism ;  but  for  a  great  many  purposes,  and  particularly 
with  the  modern  tendency  to  electrical  driving,  rotary  motion  is  thr 
most  convenient.  Rotary  motion  is  obtained  from  the  to-and-fro 
motion  of  the  piston,  by  attaching  to  the  end  of  the  piston  rod 
a  second  rod,  called  the  connecting  rod,  by  a  loose  joint,  and  attach- 
ing the  other  end  of  the  connecting  rod  to  the  apparatus  known  as 
u  crank.  The  piston  rod  is  attached  rigidly  to  the  centre  of  the 
piston,  and  moves  through  a  gland  or  stuffing  box  in  the  end  of  the 
cylinder,  and  is  made  only  sufficiently  long  to  project  outside  of 
the  cylinder,  when  tho  piston  is  at  the  opposite  end  of  the  stroke. 
The  crank  consists  really  of  two  radii  of  a  circle,  connected  together 
by  a  cross  piece,  the  two  radii  being  attached  to  the  two  r>: 
of  the  shaft  to  which  the  crank  is  to  give  motion.  In  some  smaller 
engines  the  crank  is  displaced  by  a  disc,  the  connecting  rod 
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attached  to  a  point  of  the  disc,  near  its  periphery.  When  the  piston 
is  at  the  commencement  of  its  stroke,  and  is  at  the  end  of  the 
cylinder  farthest  from  the  crank  shaft,  the  crank,  connecting  rod, 

•  and  piston  rod,  are  all  in  one  line.  As  the  piston  moves  forward, 
the  piston  rod  pushes  the  connecting  rod  forward,  and  as  the  only 
way  in  which  the  connecting  rod  can  move  is  upwards,  it  takes  a 

■  position  in  which  the  two  radii  forming  the  two  sides  of  the  crank 
are  slightly  inclined  to  the  horizontal.  As  the  piston  moves  forward, 
the.  piston  rod  moves  on,  the  connecting  rod  following,  and  the  two 
sides  of  the  crank  shaft  making  a  gradually  increasing  angle  with  the 

I  horizontal.  At  half  stroke  the  two  sides  of  the  crank  shaft  make 
an  angle  of  90'  with  the  horizontal ;  and  as  the  piston  and  connecting 
rod  move  still  further  forward,  the  sides  of  the  crank  shaft  commence 
to  decrease  the  angle  with  the  horizontal  on  the  other  side,  till  at  the 
end  of  the  stroke,  the  crank  is  again  in  the  horizontal  position,  and 
the  piston  rod,  connecting  rod,  and  crank  shaft,  are  again  in  one  line. 
Tho  two  points  when  the  piston  rod,  connecting  rod,  and  crank,  arc 

I  in  one  line,  are  called  the  dead  points,  and  it  is  the  rule,  whenever  an 
engine  is  stopped,  that  the  piston  should  not  bo  left  in  the  position  in 
which  the  crauk  is  on  either  of  its  dead  points.  It  should  be  as  near 
the  intermediate  position,  whoro  tho  crank  is  at  an  angle  of  90°,  as 
possible. 
It  will  be  seen  that  tho  iinoar  distance  through  which  the  crank 
pin — as  the  cross  piece  connecting  the  two  radii  of  the  crank  is  called — 
travels,  is  the  same  as  that  through  which  the  piston  travels.  In 
fact,  when  it  is  required  to  know  the  stroke  of  an  engine,  it  may  be 
measured  by  measuring  tho  length  of  the  radii  of  the  crank,  and 

•  doubling  it. 
With  double-cylinder  engines — whether  they  are  twin  9iraple 
cylinders,  or  compound — it  is  usual  to  arrange  the  cranks  either  90* 
apart  on  the  crank  shaft,  or  180°.  There  are  the  usual  differences  of 
opinion  as  to  the  advantages  of  the  two  positions.  Whon  the  crank 
shafts  are  90°  apart,  it  is  impossible  that  both  engines  can  be  on  their 
dead  points  together,  and  therefore  there  is  no  difficulty  in  starting. 
On  the  other  hand,  where  the  crauk  shafts  are  180°  apart,  the  turning 
effort  is  delivered  more  uniformly  to  the  crank  shaft. 

»With  three  cylinders,  as  in  triple-expansion  engines,  the  crank 
shifts  are  arranged  120°  degrees  apart,  and  it  will  be  seen  that  there 
must  always  be  one  engine  at  least  in  a  position  to  commence  the 
turning  movement  of  the  shaft,  while  the  turning  effort  is  more  evenly 
distributed  through  the  revolution. 

The  crank  shaft  receives  the  power  from  all  the  pistons  forming 
one  engine,  no  matter  how  they  may  be  arranged.  Even  in  those 
cases  where  the  engine  cylinders  are  arranged  one  above  the  other, 
or  one  behind  the  other,  the  effort  of  all  the  cylinders  is  delivered  to 
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the  crank  shaft,  and  the  crank  shaft  is  the  source  of  power  for  every- 
thing that  is  worked  by  the  engine,  including  its  own  valves,  governor, 
etc.  As  already  explained,  the  admission  and  exhaust  valves  of  the 
engine  are  always  worked  by  eccentrics,  and  these  take  their  motion 
from  the  crank  shaft.  OtheT  valves  take  their  motion  indirectly  from 
the  crank  shaft,  by  means  of  rods  working  bevelled  geax,  which 
operate  trip  mechanisms  at  proper  intervals,  but  again  it  is  t 
crank  shaft  from  which  the  motion  emanates. 

Again,  it  is  the  crank  shaft  from  which  power  is  taken  to  drii 
the  machines  or  apparatus  the  engine  is  to  work,  and  this  may  bt; 
done  by  directly  connecting  the  end  of  the  crank  shaft  with  the  end 
of  the  shaft  of  the  machine  to  be  driven,  as  in  the  case  of  direct-driven 
electricity  generators,  or  the  power  may  be  taken  from  the  crank  shaft 
to  the  apparatus  to  be  driven,  by  the  aid  of  gearing,  as  in  the  case 
winding  and  hauling  engines  for  mines,  and  other  apparatus, 
these  cases  the  end  of  the  crank  shaft  may  carry  either  the  pinion 
a  system  of  spur  and  pinion  wheels,  where  the  speed  of  the  driven 
machine  is  to  be  less  than  that  of  the  driving  engine,  or  it  may  carry 
the   spur  wheel,  where  the  speed  of  the  driven  machine  is  to  be 
greater ;  arid,  again,  it  may  carry  worm  gearing  with  a  wheel  on  the 
shaft  of  the  driving  machine,  where  worm  and  wheel   driving 
employed. 

The  power  may  also  be  taken  from  the  crank  shaft  by  the  aid  ol 
belts  or  ropes.  In  these  cases  a  pulley  is  fixed  on  the  end  of  the 
crank  shaft,  and  one  of  similar  width  on  the  end  of  the  shaft  of  the 
machine  to  bo  driven,  and  the  diameters  of  the  two  pulleys  must  be 
in  the  proportion  of  the  speeds  of  the  driven  machine,  to  that  of  the 
engine.  Thus,  if  the  engine  is  runningnt  400  revolutions  per  minute, 
and  the  driven  machine  is  to  run  at  100  revolutions,  the  pulley  on 
the  crank  shaft  of  tho  engine  must  be  one  quarter  the  diameter  of 
that  on  the  driven  machine.  On  the  other  hand,  if  the  engine  is 
running  at  100  revolutions,  and  the  machine  is  to  run  at  400,  the 
diameter  of  the  pulley  on  the  end  of  the  crank  shaft  of  the  engine 
will  be  four  times  that  of  the  pulley  on  the  driven  machine. 

Pulleys  for  belt  driving  are  merely  hollow  cylinders,  with  a  bush 
of  the  size  of  the  shaft  on  which  they  are  to  be  fixed,  their  surfaces 
being  smooth  all  over,  and  slightly  rounded  towards  the  edges.  They 
may  be  fixed  to  the  shafts  to  which  they  are  attached  by  keys  drives 
in  between  the  shaft  and  tho  boss  of  the  pulley,  or  by  screws  holding 
them.  The  power  is  transmitted  from  the  crank  shaft  of  the  engine 
to  the  shaft  of  the  driven  machine,  by  friction  between  the  belt  and 
the  two  pulleys.  The  friction  between  the  pulley  on  the  crauk  shaft 
and  tho  belt  lying  on  ita  surface,  causes  the  belt  to  move  in  the 
direction  in  which  the  crank  shaft  is  revolving,  the  rotary  motion  of 
the  pulley  being  converted  into  linear  motion  in  the  belt,  each  portion 
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of  the  belt  travelling  from  the  pulley  on  the  crank  shaft  to  the  pulley 
on  the  driven  machine,  and  back  again.  On  the  driven  machine,  tho 
friction  between  the  belt  and  the  pulley  causes  the  surface  of  the 
pulley  to  turn  in  the  direction  in  which  the  belt  is  running,  this 
causing  rotary  motion  of  the  pulley  and  of  the  shaft  to  which  it  is 
attached,  and  of  anything  the  shaft  is  driving.  There  is  always  a 
tight  side  of  a  belt  and  a  loose  side.  With  many  machines  it  is 
bettor  practice  to  have  the  tight  side  of  the  belt  the  lower  one.  That 
is  to  say,  the  belt  travels  from  the  under  side  of  the  pulley  of  the 
machine  to  be  driven  to  the  under  side  of  the  pulley  on  the  crank 
shaft  of  the  engine,  that  piece  of  the  belt  which  is  between  tho  two 
pulleys  transmitting  the  power  from  the  engine  to  the  machine,  the 
remainder  of  the  belt  merely  acting  to  bring  successive  portions  of 
the  belt  into  the  driving  position.  Where  the  lower  side  of  the  belt 
is  the  driving  or  tight  side,  the  tendency  of  the  pull  is  to  keep  the 
driven  machine  down  on  to  its  foundations,  and  in  addition,  the 
weight  of  the  loose  portion  of  the  belt,  lying  over  the  two  pulleys  on 
the  non-driving  side,  adds  to  the  grip  of  the  belt  on  the  pulleys,  and 
improves  the  drive. 

If  a  belt  is  wet,  or  if  it  is  not  equal  to  the  power  it  is  intended 
to  transmit,  it  is  very  apt  to  slip,  and  then  the  speed  of  the  driven 
machine  is  less  than  it  snould  bo,  according  to  the  proportions  of  tho 
two  pulleys,  and  the  speed  of  the  driving  engine.  A  belt  will  also 
slip  with  a  badly  made  joint,  and  if  it  is  not  sufficiently  tight 
between  the  two  pulleys.  When  slipping  occurs,  it  will  be  known 
by  tho  heating  of  the  pulleys  over  which  it  runs,  and,  in  particular, 
that  of  the  smaller  pulley.  When  a  belt  is  running  properly,  and 
transmitting  power  aa  it  should  do,  there  is  no  appreciable  heating, 
either  of  the  belt  or  of  either  of  the  pulleys ;  but  immediately  slip- 
ping commences,  the  additional  friction  between  the  belt  and  the 
surfaces  of  the  pulleys  causes  heating  which  may  easily  be  observed. 
As  a  temporary  measure,  where  a  belt  is  slipping,  resin  thrown 
between  the  belt  and  the  pulley  will  get  over  the  trouble,  but  the 
source  should  be  sought  immediately  the  opportunity  offers. 

There  is  a  certain  size   belt  for  a   certaiu  quantity  of  power 
delivered,  with  a  certain  speed,  and  this  is  given  from  the  formula? — 

JI.P=<T-/)V 
33,000 

This  gives  the  H.P.  any  belt  will  deliver  at  any  velocity,  T  being  the 
strain  in  pounds  on  the  tight  side  of  the  belt,  t  that  on  the  slack  side, 
and  V  the  speed  of  the  belt  in  feet  per  minute,  t  is  usually  taken 
as  half  T,  as  an  average,  and  single  belts  will  stand  from  60  to  120  lbs. 
per  square  inch,  double  belts  135  to  160  lbs.,  so  that  taking  an  aver- 
age the  formula?  for  the  size  of  a  single  belt  becomes — 
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W  = 


33,000  x  H.L' 

45  x  V 


aud  for  a  duublc  belt— 


w     33,000  x  u.r. 
W"        75  XV 


ibered 

trans- 
tween 


W  being  the  width  of  the  belt  in  inches  in  each  case,  and  45  lbs. 
75  lbs.  the  average  values  of  T  —  t. 

When  rope  driving  is  employed,  the  surfaces  of  both  die  dri 
aud  driven  pulleys  arc  grooved  out,  and  a  number  of  ropes  from  t 
upwards,  according  to  the  power  to  be  transmitted,  are  laid  in  th 
grooves,  between  the  pulleys,  very  much  as  the  belts  are.  There  are 
two  methods  of  arranging  rope  driving.  In  one  a  single  rope  is 
employed,  carried  continuously  round  all  the  pulleys,  but  this  method 
is  now  very  rarely  seen.  In  the  other  method,  which  is  most  fre- 
quently employed,  there  are  as  many  endless  ropes  as  there  are 
grooves  on  the  pulleys,  the  sizes  of  the  ropes  varying  from  2J  inches 
circumference  to  6J  inches  circumference.  Ropes  are  measured  by 
their  circumference,  but  it  is  always  easy  to  reduce  them  to  approxi- 
mate diameters  by  dividing  the  circumference  by  three.  Thus  a  3-inch 
ropo  is  approximately  1  inch  in  diameter.  It  will  be  remembered 
that  the  circumference  is  3f  times  the  diameter  nearly. 

Each  rope  take3  a  portion  of  the  load,  and  the  power  is 
mitted  from  the  driving  to  the  driven  pulleys  by  friction  betweeu 
the  ropes  and  the  pulleys,  just  as  by  belts.  A  complaint  is  fre- 
quently made  against  ropes,  that  the  individual  ropes  rarely  take 
their  proper  share  of  the  load,  sometimes  one  rope  having  more  than 
the  others,  and  again,  the  one  that  has  been  taking  the  heavier  load, 
losing  a  portion  of  it,  and  so  on.  This,-  it  appears  to  the  author,  is 
strictly  true  in  all  but  very  rare  instances.  If  a  system  of  driving 
by  ropes  be  examined,  it  will  always  be  seen  that  some  of  the  ropes 
are  tighter  than  others,  and  these  are  taking  the  major  portion  of 
the  load.  It  is,  the  author  believes,  almost  i  m possible  to  ensure  that 
each  rope  shall  take  its  own  share  of  the  load,  no  more  no  less  at 
all  times;  hut  the  remedy  for  any  trouble  that  may  arise,  appM 
be  the  old  one— to  have  more  ropes  than  would  be  necessary  if  it 
could  be  ensured  that  all  of  them  take  their  proper  share  of  the 
load,  and  then  the  action  appears  to  be  as  follows.  Some  of  the 
ropes  take  more  than  their  share  of  the  load  for  a  certain  time,  and 
become  gradually  elongated  in  consequence,  and  then  the  other  ropes 
that  have  not  been  subject  to  so  much  strain,  gradually  assume 
the  load,  those  which  took  it  in  the  first  instance  being  gradually 
released.  The  ropes  which  take  the  load  after  the  first  lot  have 
stretched  become  stretched  in  their  turn,  others  take  it  up,  and 
on,  the  whole  of  the  ropes  really  taking  their  share  of  the  work 
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turn  in  this  manner,  but  it  being  necessary  that  the  individual  ropes 
shall  be  stronger  than  would  be  necessary  if  all  took  their  proper 
share  of  the  load. 

It  is  stated  also  that  the  efficiency  of  the  rope  drive  is  very  low, 
as  low  as  90  per  cent.,  while  belt  drive  is  as  high  as  98  per  cent., 
and  spur  gearing  the  same.  On  the  other  hand,  rope  driving  has 
the  great  advantage  of  being  very  smooth,  and  very  silent,  and  if  a 
little  power  is  wasted  in  transmitting  the  energy,  the  increased  cost 
of  coal  is  probably  made  up  in  other  directions.  The  formula  given 
shows  the  sues  of  rope  for  transmitting  any  given  power. 


H.P.^PV 


33,000 

where  N  is  the  number  of  ropes,  P  the  driving  force  in  pounds,  V 
the  speed  of  the  ropes  in  feet  per  minute.  P  (the  driving  force) 
=  C  X  i,  where  C  is  the  circumference  of  the  rope  and  x  =  6T>  for 
horizontal,  33  vertical,  and  9'4  for  ropes  at  an  angle  of  45°  (Kemp). 

Wonn-and-wheel  driving  was,  up  till  recently,  very  inefficient, 

but  with  the  advance  of  manufactures,  and  in  particular  with  the 

ice  in  the  working  of  machine  tools,  and  with  better  under- 

iding  of  the  problem,  the  efficiency  of  worm  gearing  has  been 
considerably  increased  within  recent  years.  Worm  gearing  is  claimed 
iii ■■.'.  to  have  etlieit'iirws  up  to  90  percent., 
and  it  is  perhaps  one  of  the  most  convenient 
methods  of  transmitting  power,  where  a 
great  reduction  of  speed  i3  required,  that 
is  available. 


The  Government  of  Engines 

There  are  broadly  two  forms  of  engine 
governors,  known  respectively  as  the  throttle 
governor  and  the  expansion  governor.  Both 
are  worked  either  directly  or  indirectly  from 
the  crank  shaft.  The  governor  always  con- 
sists of  a  pair  of  steel  balls,  attached  to  a 
central  rod  around  which  they  revolve,  when 
they  receive  motion  from  the  crank  shaft, 
and  they  are  arranged  to  give  motion  to  the 
rod  around  which  they  move,  so  as  to  either 
close  or  open  a  valve,  or  to  decrease  or  in- 
crease the  time  during  vrlixu  ..  valve  is  oprn. 

The  throttle  governor,  as  explained  previously,  always  nuts  upon  the 
valve  controlling  the  supply  of  steam  to  the  steam  chest.    A  common 


Fiu.  11C— Pickering  Gover- 
nor. 
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form  of  it  is  shown  in  Fig.  116.  It  is  one  that  is  employed  principally 
for  small  engine^  but  it  illustrates  the  principle  of  the  apparatus  very 
clearly.  It  is  known  as  the  Pickering  governor.  It  will  be  seen 
that  it  is  mounted  on  the  top  of  the  box  containing  the  stop  valve, 
which  is  arranged  to  be  fixed  between  the  steam  supply  pipe  and  the 
steam  chest.  A  vertical  spindle  rises  from  the  top  of  the  valve  box, 
and  carries  at  its  head  three  Hat  springB,  on  which  are  three  steel  balls, 

the  three  springs  being  also  attached 
at  their  lower  ends,  so  that  they  can 
slide  up  the  spindle.  The  spindle 
at  its  lower  end  in  the  box  controls 
the  motions  of  the  valve,  allowing 
steam  to  pass  to  the  steam  chest. 
The  valve  can  also  be  controlled  bj 
the  valve  wheel,  as  usual.  In  other 
forms  of  governor  there  is  a  spiral 
spring  on  the  central  spindle,  against 
which  the  balls,  as  they  r*\ 
have  to  work.  The  small  pulley 
shown  in  the  Pickering  governor,  on 
which  a  strap  from  a  pulley  on 
crank  shaft  runs,  gives  motion 
the  spindle,  and  through  it  to 
steel  balls.  As  the  balls  revolve 
they  move  outwards  by  centri 
force,  and  as  they  move  our, 
tend  to  depress  the  central  spindle, 
this  tending  to  close  the  fatia 
When  the  engine  is  running  at  its 
F,^Xn£JulSg*%:  norm*  speed,  the  steel  ball,  rev..l  ve 
P,  p,  are  tho  Govomor  Balls,  hold,     round  the  spindle  at  a  certain  dis- 

whon  at  rost,  in  the  Hanging  Straps,      tance,   the    Hat   springs    beiii"    ln-iiL 

S^beV^iTSr^fifsW     to  a  certain  curve.     If  tbTen^e 


on 

the 


i*  enclobed.    When  the  Engine  ia     increases   its    speed,   as  say   when 
working,GrevoWes,carrTingH,H,     tlie    load    is    decreased,    the    balls 

?onrLPgS^r^'ccmprel8iDyg°tho     m°v°  «t   «»   increased  speed,  and 
Spiral.  move    further    outwards,  owing  to 

the  increased  centrifugal  force,  this 
tending    to    push    the    spindle   down,    and    to    partially    close    t 
valve,  decreasing  the  pressure  of  the  steam  in   the  steam  chest. 
On  the  other  hand,  if  the  speed  of  the  engine  is  lowered,  owing, 
say,  to  an  increased  load,  the  balls  revolving  at  a  lower  s 
fall  inwards  towards  the  spindle,  thi^  causing   the  valve  to 
and  to  let  more  steam  into  the  steam  chest,  increasing  the  p 
sure  behind    the   piston.     Fig.   117  shows    the  Proell  governor, 
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rliich  a  spiral  spring  opposes  the  centrifugal  force  of  the  governor 
balls. 

It  has  been  shown  by  the  exhaustive  experiments  of  Captain 
Sankev  and  others,  that  the  throttle  valve  is  only  economical  under 
certain  conditions,  as  with  very  light  load,  and  when  the  load  is 
beyond  a  certain  proportion  of  the  possible  full  load.  Between  these 
the  expac-  rnor,  to  be  described,  more  accurately  controls  the 


'  /         M.40fc 


Fig.  118.— Wilson  lUrtnell't  Exp»nnon  Governor,  bmmU  by  Mwn  NUr*J* 

lick  motion,  described  on  pu*  347,  h  m-t»  on  tit*  right  'Hit  povltloa  of 
the  Governor  B*lls  control*  the  petition  of  the  V.i\m*iott  Y«lv«  Rod,  with 
reference  to  ih#  Eccentric  Rod,  tod  throngc  11  tb«  Umm  U*  hlliU  Valva  to  of*n. 

supply  of  steam  to  the  engine,  in  accordance  with  tlit?  wrirk  thr 
engine  is  doing. 

It  will  be  understood  that  the  Mpply  of  *Usatn  to  the  engine  la 
controlled,  in  both  case*,  alter  an  incrw  or  tUermmi  Ol 
taken  place.    The  object  of  the  governor  la  to  accurately  prop 
the  supply  of  steam  in  the  engine  to  the  work  the  entfijj*  w  perform- 
ing.     Thus,  if  the  engine  u  only  working  at  half  load,  it  should  only 
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take  a  little  mors  than  lialf  the  steam  it  would  at  full  load,  the 
increase  with  the  halt'  load  being  due  to  the  larger  proportion  which 
the  steam,  required  to  overcome  the  friction  of  the  engine  itself, 
bears  to  that  required  for  half  the  load,  than  to  that  required  for 
fuUload.( 

Throttle  governing  differs  from  expansion  governing  in  that  the 
throttle  governor  controls  the  pressure  at  which  the  steam  enters  thu 
steam  chest,  but  does  not  attempt  to  control  the  time  during  which 
the  entry  valve  to  the  steam  cylinder  is  open.  The  pressure  of  the 
statin  entering  the  steam  chest  is  controlled  by  opening  the  valve 
more  or  less.     With  the  valve  partially  closed,  not  so  much  steam 

can  i>ass  through,  and  therefore 
steam  does  not  enter  the  steam 
chest  at  the  same  rate,  other 
conditions  being  the  same,  and 
the  effect  is  a  lowered  pres^ 
The  result  of  partially  closing 
the  valve  is  the  same  so  far  as 
pressure  is  ooncarned,  as  of 
interposing  a  length  of  steam 
pipe  between  the  supply  pi 
and  the  engine. 

In  the  expansion  govern 
the  pressure  of  steam  entering 
the  steam  chest  is  not  con- 
trolled at  all,  but  the  portion 
of  the  stroke  during  which 
steam  enters  the  cylinder  is 
controlled  according  to  the  load 
the  engine  is  doing. 

In  the  expansion  governor, 
of  which  Fig.    IIS,  the   gover- 
nor introduced  by  Mr.  Wilson 
Hfirtnell,   is    a   good    example, 
there  is  the  same  pair  of  balls,  though  they  are  usually  much  b 
than  those  in  the  throttle  governor  for  the  same  sized  engine,  but 
rod,  which  is  much  stronger  with  the  throttle  governor,  is  ni 
control  the  travel  of  the  slide  valve,  as  shown  in  Fig.  118.    The  action 
of  the  governor  is  very  similar  to  that  of  the  throttle  governor.     It 
receives  motion  by  means  of  a  strap,  or  in  some  cases  by  a  rod  and  bevel 
gearing  from  the  crank  shaft,  and  its  balls  move  outwards  by  centri- 
fugal force,  just  as  the  throttle  governor's  balls  do,  and  it  moves  its 
vertical  rod  more  or  less  as  the  balls  move  out  or  in,  these  again 
moving  in  accordance  with  the  increase  or  decrease  of  speed  of  the 
engine,  but  the  motion  of  the  rod  controls  the  position  of  the  valve 


: 


Flo.  119.— Expansion  Governor  made  by 
Hours.  Coltman.  C  is  the  Ecoontrio 
Rod ;  A  is  the  Slide  Volvo  Kod ;  B  is 
the  Arc  of  the  link  motion. 
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rod  controlling  the  travel  of  the  slide  with  reference  to  the  eccentric 
i.d,  by  moving  the  arc  of  the  link  motion.  With  increased  speed  of 
the  engine,  the  travel  of  the  slide  is  reduced,  the  steam  only  entering 
the  cylinder  for  a  smaller  portion  of  the  stroke,  and  with  decreased 
speed  of  the  engine  the  travel  of  the  slide  is  increased,  giving  steam 
for  a  longer  portion  of  the  stroke.     Fig.  119  shows  another  form 

of  expansion  governor,  by  Messrs. 
H.  Coltman,  in  which  the  action 
of  the  governor  on  the  link  motion 
is  very  clearly  shown. 

Both  expansion  and  throttle 
governors  are  often  fixed  directly 
on  the  crank  shaft  itself.  In 
1  hose  cases  there  is  usually  a  disc 


12Q.— Proel)  Governor,  made  byMoBars.  Isaao 
Storey,  filed  on  the  end  of  the  Crank  Shaft, 
uid  controlling  the  Throttle  Valve  above,  by 
means  pi  the  Vertical  Hod  shown. 


Fig.  121. — Expansion  Shaft  Governor,  made  by 
Messrs    Kancomo,  Stma,  db  Co.,  for  High- 

meod  V'  rttod  Englnw.    Efae  parti  of  mm 

Governor  are  enclosed  in  the  Box  shown. 


carried  by  the  crank  shaft,  on  wliich  the  governor  balls  or  their 
equivalent  are  mounted,  and  from  which  motion  is  convoyed  to  the 
eecentric  controlling  the  slide  valve  by  gearing  In  the  governor, 
which  is  workod  in  conjunction  with  the  drop  valve  expansion  gear 
described  on  page  2"j0,  the  time  during  which  the  eccentric  rod  K, 
in  Fig.  103,  engages  with  the  lever  opening  the  steam  entry  valve  is 
coul  nilled  by  the  governor  in  the  same  manner  as  in  the  slide-valve 
expansion  governor.     With  increased  speed  the  eccentric  rod  engages 
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for  a  shorter  time  with  the  valve  lever,  the  valve  thence  being  o 
for  a  shorter  time,  and  with  decreased  speed,  the  rod  being  Ion 
contact.     Fig.  120  shows  a  Proell  governor  driven   (rota   the  crank 
shaft  and  controlling  a  throttle  valve  above.     Fi#.  120  shows   a 
governor  fixed  on  the  end  of  the  crank  shaft,  and  controlling 
expansion. 


The  Indicator 


The  indicator  is  the  apparatus  employed  to  find  the  mean  effective 
pressures  in  engine  cylinders.     Fig.  122  shows  one  form  of  it,  made 


Fid.  122.— Crosby'i  Steam-engine  Indicator.     The  Cylinder  on  the  left  repeftU 
Bloom  Pressure  in  the  Engine  Cylinder,  and  that  on  tho  right  c&rriec  the  P"~ 

by  Messrs.  Crosby.  It  consists  of  a  small  cylinder  with  a 
piston,  and  a  piston  rod  inside,  and  another  cylinder  arranged  to  re- 
volve on  its  axis  once  in  the  time  occupied  by  one  stroke  of  the  engine 
that  is  being  indicated,  and  at  exactly  the  same  speed,  and  the  pistou 
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ind  the  cylinder  together  reproduce  what  is  going  on  iu  the  engine 
cylinder,  though  in  a  different  manuer.  On  the  outside  of  the  small 
revolving  cylinder  is  wrapped  a  piece  of  paper,  squared  for  preferem c, 
as  it  renders  the  measurements  easier,  and  a  pencil  attached  to  an  arm 
worked  by  the  piaton  bears  on  the  surface  of  the  paper.  As  long  as 
the  pressure  in  the  steam  indicator  cylinder  is  constant,  as  when  it  is 
open  to  the  atmosphere,  the  pencil  merely  runs  round  the  cylinder, 
making  a  line  that  is  straight  when  the  paper  is  unrolled,  but  when  the 
pressure  in  the  piston  in  the  indicator  cylinder  varies,  the  position  of 
the  pencil  varies  in  unison  with  it,  the  result  being  a  curved  and  some- 
times irregular  line.  The  indicator  cylinder  is  connected  by  a  small 
steam  pipe  to  the  engine  cylinder,  small  cocks  being  provided  in  the 
cylinder  walls  for  the  purpose,  and  when  connection  is  made,  the 
pressure  of  the  steam  iu  the  engine  cylinder  is  reproduced  in 
the  indicator  cylinder.     The  piston  of  the  indicator  cylinder  does 


Pic  123.  Examples  of  Indicator  Carda  taken  from  a  Triple-expansion  Engine,  The 
Cards  show  the  pressure*  in  the  High-pressure,  One- pressure,  and  two  Low- 
pressure  Cylinders,  also  the  action  oi  the  Cut-off  at  different  parts  of  the  Engine. 
The  Cards  in  the  middle  show  the  pressure,  with  difloreut  Cut-offs. 


pfl 


not  move  in  the  same  way  as  the  piston  of  the  engine  cylinder  does. 
It  takes  up  a.  position  within  its  own  cylinder  iu  accordance  with 
the  pressure  behind  it.  The  motion  of  the  piston  is  opposed  by  a 
coiled  spring  on  the  piston  rod,  and  the  motion  allowed  to  the  piston 
is  exactly  proportional  to  the  pressure  exerted  by  the  steam.  When 
an  engine  is  to  he  indicated,  connection  is  made  to  the  steam  space 
in  the  engine  cylinder  behind  the  piston,  and  arrangements  are  also 
made  to  revolve  the  paper  carrying  cylinder  in  unison  with  the  motion 
of  the  engine  piston,  usually  by  a  string  attached  to  some  moving 
part  of  the  engine  and  to  the  indicator  cylinder,  The  revolution  of 
the  indicator  cylinder  is  also  opposed  by  a  spring.  When  all  is  ready, 
e  engineer  first  obtains  his  atmospheric  line  upon  the  indicator  paper 
y  revolving  the  cylinder,  with  the  pencil  bearing  against  the  paper, 
mid  with  the  indicator  cylinder  open  to  the  atmosphere.  Connection 
is  then  made  to  the  engine  cylinder,  and  the  apparatus  is  allowed  to 
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work.  The  piston  is  forced  outwards  in  the  indicator  cylinder  w] 
the  stroke  commences,  and  gradually  recedes  as  the  pressure  fall 
the  pencil  niakiug  a  line  upon  the  paper  in  accordance  with  this. 
The  pencil  follows  pressure  behind  the  piston  of  the  engine  rip  In 
to  the  end  of  the  stroke,  and  during  the  return  stroke,  the  fine 
formed  on  the  paper  giving  the  pressure  of  the  steam  inside  the 
cylinder,  above  or  below  atmospheric  pressure,  at  each  instant.  The 
steam  and  paper  cylinders  are  in  one  in  the  older  forms  of  indicators, 
Fig.  123  show  indicator  cards,  as  they  are  called,  taken  from 
various  engines.      In  some,  it  will    be  seen,  the  return   J  B 


Fig.  124.— Ouo  iorm  of  Plauimeter  m»do  by  Messrs.  Crosby. 

below  the  atmospheric,  line.  This  means  that  the  engine  wa>  world 
with  a  condenser.  In  others  the  return  stroke  shows  pressures 
appreciably  above  the  atmospheric  line.  This  shows  back  pressures 
appreciably  above  the  atmosphere.  In  all  cases  the  mean  of  all  the 
pressures  throughout  the  stroke  is  taken,  and  the  result  is  the  Bi 
used  in  the  calculations  given  on  p.  218. 


•  Fig.  125.— Another  form  of  PUnimoler  mode  by  Mensrs.  Crotby. 

It  will  be  noticed  that  the  first  portion  of  the  line  representing 
the  pressure  is  parallel  with  the  atmospheric  lino.  This  repp 
the  portion  of  the  stroke  during  which  tin*  cylinder  was  (.pen  to  the 
pressure  of  the  steam  chest ;  and  in  late  cut-orfs,  it  will  be  seen,  the 
length  of  this  portion  is  large,  compared  to  the  whole  stroke,  while 
in  early  cut-offs  it  is  small.  To  an  expert  the  indicator  tells  nearly 
everything  he  wants  to  know  about  the  engine,  how  it  is  working, 
what  steam  it  is  using,  etc.  Figs.  124  and  125  show  planimeters, 
instruments  for  transferring  the  curves  of  indicator  cards  to  1 
paper,  and  measuring  the  quantities  easily  and  quickly. 
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Steam    Pipes 

Pipes  aru  employed  for  conveying  the  steam  from  the  boiler  to 
the  engine,  ami  from  the  engine  to  the  condenser,  or  to  the  exhaust. 
Steam  pipes  are  made  usually  of  wrought  iron  or  steel,  and  they 
must  be  of  a  certain  size  in  order  that  they  may  convey  the  steam 
from  the  boiler  to  the  engine  without  throttling,  and  also  from  the 
engine  to  bhfl  exhaust.  The  remarks  that  have  been  made  about  the 
friction  of  fluids  upon  the  walls  of  pipes  through  which  they  are 
passing,  apply  equally  to  steam.  The  passage  of  steam  through 
steam  pipes  causes  friction  upon  the  walls  of  the  pipe,  and  in  so 
doing,  robs  the  steam  of  a  portion  of  the  pressure  that  was  delivered 
to  it  in  the  boiler.  Further,  the  friction  depends  directly  upon  the 
surface  over  which  the  steam  rubs,  this  depending  upon  the  length 
of  the  pipe  and  the  internal  surface,  and  it  also  depends  upon  the 
square  of  the  velocity  of  the  steam.  The  same  thing  applies  here  as 
has  been  mentioned  before.  If  the  steam  is  confined  in  too  small  a 
pipe,  its  velocity  is  increased,  and  though  the  internal  surface  of  the 
pipe  is  less  than  with  a  larger  pipe,  the  increased  friction,  owing  to 
the  increased  velocity,  is  very  much  greater,  Hence  it  is  of  im- 
ce  that  the  pipe  should  be  of  sufficient  diameter  to  carry  the 
without  undue  friction.  The  distribution  of  steam  in  steam 
has  been  compared,  not  inaptly,  to  the  distribution  of  electricity 
by  means  of  cables,  Steam  has  been  used  for  a  great  many  more 
years  than  electricity,  and  therefore  it  looks  a  little  strange  for  steam 
phenomena  to  be  illustrated  by  the  aid  of  practice  in  electricity ;  but 
the  arrangements  for  distributing  electricity  are  so  much  simpler,  as 
a  rule,  than  for  distributing  steam,  and  have  been  so  much  more  fully 
worked  out,  that  the  comparison  is  not  at  all  inapt.  On  the  other 
hand,  it  should  be  noted  that  the  differences  between  heat  and 
electricity  are  strongly  accentuated  in  the  matter  of  tho  distribution 
of  steam,  as  against  that  of  electricity.  The  loss  of  pressure  when 
steam  passes  through  a  steam  pipe  has  been  compared  to  the  loss  of 
pressure  which  takes  place  when  an  electric  current  passes  through 
a  cable ;  but  although  this  comparison  is  strictly  correct  up  to  a 
certain  point,  it  has  the  very  important  difference  that  the  energy 
lost  m  the  conductor,  owing  to  the  resistance  of  the  conductor,  is 
actually  lost  so  far  as  the  useful  application  of  the  electric  current 
is  concerned,  while  there  is  no  loss  of  energy  due  to  the  friction  of 
the  ateam  in  the  pipes.  If  there  is  a  loss  of  one  volt,  or  five  volts 
in  an  electrical  distribution  service,  or  whatever  it  may  be,  there  is 
that  much  lc3B  electrical  energy  to  use  for  lighting,  or  power,  or 
whatever  the  electricity  may  be  employed  for.  And  the  reason  for 
this  is,  that  the  energy  absorbed  by  the  resistance  of  the  electrical 
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conductor  is  converted  into  heat,  which  not  only  plays  no  useful  part 
in  the  distribution  of  the  current,  but  actually  adds  to  the  resistance 
of  the  conductor,  and  may  lead  to  other  troubles,  such  as  deteriora- 
tion of  the  insulating  envelope.  On  the  other  hand,  though  the 
friction  of  the  Bteam  on  the  walls  of  the  steam  pipe,  and  on  the 
steam  passages  of  valves,  etc.,  also  generates  heat,  it  involves  no 
loss.  It  is  merely  a  transference  of  heat  from  the  steam,  in  the  form 
of  pressure,  to  heat  in  the  steam  pipe  and  in  the  steam  itself,  I 
is  claimed  by  steam  engineers  that  the  heat  so  liberated  tends  to 
superheat  the  steam.  Put  in  another  way,  the  energy  is  lost  as 
pressure,  the  stenm  expanding  in  accordance  with  the  laws  given  Is 
the  first  chapter,  but  the  energy  is  regained  in  the  form  of  heat 
delivered  to  the  steam  of  the  lower  pressure  in  the  form  of  superheat 
At  the  same  time,  it  will  be  understood  that  there  is  a  limit  to  the 
size  to  which  the  steam  pipes  may  be  reduced,  and,  as  usual,  practice 
has  determined  it  by  the  velocity  of  the  steam  that  is  fount! 
economical  in  practice.  A  velocity  of  steam  of  6000  feet  per  minute. 
equal  to  100  feet  per  second,  is  that  usually  employed,  thou 
murine  work,  velocities  up  to  150  feet  per  second  are  often  usefully 
employed.  For  the  first  velocity  named,  100  feet  per  second,  the 
less  of  pressure  has  been  worked  out  by  Pro£  Uuwiu  and  olh 
and  is  given  by — 


»-«««(• +5® 


" 


where  p  is  the  loss  in  pressure  of  the  steam  in  pounds  per  square  inch 
due  to  the  friction  of  the  steam  through  the  pipes,  K  is  the  coefficient 
of  friction  given  as  0*0026  and  00027  for  steam.  D  is  the  weight  of 
steam  per  cubic  foot,  d\  is  the  diameter  of  the  pipe  in  inches 
the  flow  of  steam  in  pounds  per  minute,  and  L  is  the  length  of 
pipe  in  feet. 

Substituting  the  value  of  K,  00027,  the  formula  becomes — 


,-  0-000131(1  +g)|j* 


And  the  weight  of  steam  passing  with  a  difference  of  press v 
between  the  two  ends  of  any  pipe,  is  given  by  the  formula — 

J 


u>  =  87 


The  weight  of  steam  per  minute  that  passes  through  pipes  of  gv 
size  has  been  calculated,  and  is  given  in  the  tables  on  pages  ' 
mid  '111,  for  a  loss  of  pressure  in  the  pipe  of  1  lb.  per  square  x\ 
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As  will  be  seen,  the  figures  are  given  for  different  sizes  of  pipes,  and 
for  lengths  of  each  pipe  equal  to  240  diameters  of  tho  pipe  itself, 
also  with  different  initial  steam  pressures. 

Elbows  in  pipes,  globe  valves,  and  square- ended  entrances  to 
pipes,  all  offer  resistance  to  the  passage  of  steam,  and  it  is  convenient 
to  reckon  the  resistance  offered  by  these  as  equal  to  that  of  a  certain 
length  of  pipe  of  the  diameter  of  the  steam  way  through  the  valve, 
or  elbow,  or  fitting.  For  globe  valves,  and  the  resistance  offered  by 
the  entrance  to  a  pipe,  it  is  usual  to  take  a  resistance  equal  to  that 
of  a  pipe  of  the  same  diameter,  and  of  a  length  sixty  times  the 
diameter,  and,  for  an  elbow,  forty  times  tho  diameter.  The  discharge 
of  steam  iu  pounds  per  minute  through  any  pipe,  with  a  given  drop 
in  pressure,  has  been  calculated,  and  also  the  drop  in  pressure  in 
pouuds  per  square  inch,  corresponding  to  any  given  drop,  have  also 
been  calculated,  and  they  are  given  in  the  annexed  tables. 

On  the  other  hand,  one  of  the  great  evils  to  which  steam  is 
exposed  in  its  passage  through  steam  pipes  is  the  loss  of  heat  owing 
to  radiation  from  the  external  surface  of  the  pipe,  and  this,  it  will  l»u 
evident,  will  depend  directly  upon  the  extent  of  the  surface  of  the 
pipe,  and  will  increase  in  direct  ratio  to  the  diameter,  Hence,  it  is 
a  disadvantage  to  employ  too  large  a  pipe,  because  the  loss  of  heat 
leads  to  condensation  of  some  part  of  the  steam,  and  this  leads  to 
a  double  evil — loss  of  the  steam  itself  as  a  useful  agent  for  power, 
and  presence  of  water  in  tho  steam  system  that  must  bo  got  rid 
of,  or  that  will  lead  to  serious  trouble. 


Water  Hammer 

l'v  water  hammer  is  meant  the  effect  that  is  produced  in  steam 
cylinders,  and  in  steam  pipes,  by  the  presence  of  water,  the  water 
being  driven  forward  by  a  rush  of  steam.  Thus,  in  a  steam  cylinder, 
if  water  is  present,  and  steam  is  suddenly  allowed  to  pass  into  tho 
cylinder  in  a  large  quantity,  the  water,  which  is  practically  incom- 
pressible, acts  exactly  as  a  hammer  driven  with  great  violence  against 
the  end  of  the  cylinder,  and  has  often  beeii  known  to  drive  off  the 
cylinder  cover.  Similarly,  when  engines  are  standing,  and  stoam  is 
present  in  the  steam  pipes  connecting  them  with  the  boiler,  and 
steam  be  suddenly  allowed  to  drive  through  the  steam  pipes,  if  water 
be  present  in  them,  it  is  driven  up  against  the  surfaces  of  the  pipes 
and  against  any  projecting  surfaces,  as  where  pipes  make  a  bend,  and 
so  on,  the  result  being  that  joints  are  seriously  weakened  and  pipes 
are  sometimes  burst.  The  water  being  practically  incompressible, 
is  driven  forward  at  the  velocity  of  the  steam,  hence  the  enormous 
energy  expended. 
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TABLE   XXO. 
Flow  or  Steam  Thbough  Pipe. 


LtRoni  or  I'irm  0*b  Tiiuii»a*d  F«rr. 

Dlacharge  tu  pounda  per  rclnote  cone-ponding  (0  drop  In  prctfuro  on  right  for  pip*  diametara 
la  IiicIk'i  Hi  lo|)  lino. 

Miatur  ... 

U  lea. 

a ,:... 

t  In*. 

0  If-. 

4  lua. 

a  In*, 

nine. 

2  in*. 

Ulna, 

lla, 

Discharge 

2323 

1413 

799 

371-0 

1230 

55  9 

288 

181 

C-81 

2-52 

2165 

1341 

743 

344-0 

1U-6 

51-9 

270 

16*8 

C52 
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The  Arrangement  of  Steam  Pipes 


The 


arrangement  of  the  pipes  of  a  steam  system  must  be  such  as 
will  provide  for  getting  rid  of  the  water  that  ia  formed  by  condensa- 
tion and,  as  explained  below,  for  the  expansion  and  contraction  of 
the  pipes.  The  usual  arrangement  is,  a  steam  pipe  rises  from  the 
top  of  each  boiler,  and  is  connected  to  the  common  steam  main,  by 
a  proper  flanged  steam-tight  joint,  a  stop  valve  being  fixed  between 
the  boiler  and  the  steam  main.  Tt  is  of  advantage  to  arrange  that 
the  stop  valve  botweon  the  boiler  and  the  main  shall  close  automatic- 
ally, iu  case  anything  happens  to  the  steam  connection,  to  prevent 
the  rush  of  steam  into  each  particular  boiler  in  case  of  accident.  The 
engines  are  supplied  by  pipes  from  the  steam  main,  and  these  shook] 
always  be  taken  from  the  upper  side  of  the  main,  and  steam  separators 
should  be  fixed  between  the  branch  steam  pipes  and  each  engine. 
Provision  must  be  made  for  draining  the  steam  system,  and  this  may 
conveniently  be  done  by  extending  the  main  steam  pipe  a  little 
beyond  the  engines  to  be  supplied,  by  a  pipe  specially  for  the  purpose, 
ending  in  a  steam  trap,  and  a  pipe  from  this  steam  trap  may  be 
carried  back  to  the  boiler  below  the  water-line,  and  the  steam 
separators  from  all  the  engines  may  drain  into  this  pipe  and  any 
other  traps  that  are  in  the  system. 

Pockets  in  the  steam  'piping  and  places  such  as  the  top  of  val 
where  condensed  water  may  settle  must  be  avoided  as  raoefc 
possible,  because,  though  the  water  may  remain  in  the  pocket  qniescen 
under  ordinary  working  conditions,  when  the  engines  beyond  tta 
pocket  call  for  a  sudden  increase  of  steam,  the  action  that  has  been 
described,  of  any  gas  passing  over  a  body  of  water,  will  draw  up  1  be 
condensed  water  in  the  pocket  and  will  carry  it  before  the  steam  at 
the  velocity  of  the  steam,  and  possibly  deliver  it  into  the  engine,  with 
the  attendant  troubles.  Lodgment  on  the  top  of  valves  leads  to 
danger  of  a  similar  kind  when  the  valves  are  opened. 

The  steam  pipe  should  slightly  incline  in  the  direction  in  which 
the  steam  is  to  travel,  so  that  any  condensed  water  that  is  formed 
will  drain  naturally  towards  the  steam  trap  at  the  end  of  the  system, 
and  will  keep,  when  not  disturbed,  to  the  lower  part  of  the  pipa 
When  it  is  necessary  to  raise  the  pipe  to  supply  a  certain  engine, 
a  steam  trap  should  be  fixed  at  the  lowest  part  of  the  portion  which 
rises,  so  that  any  water  that  is  formed  may  be  drained  away. 

Steam  pipes  are  jointed  by  the  aid  of  flanges  cast  on  their 
euds,  the  two  flanges  of  adjacent  pipes  being  butted  together,  anil 
bolted  closely  with  some  substance  between  the  two  flanges  that 
will  prevent  the  egress  of  steam.  Substances  that  are  emph-w-.. 
for  this  purpose  are  rubber  rings,  lead  rings,  rings  formed  of  a 


my 
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and  rubber,  and  rings  formed  of  corrugated  metal.  It  is  important 
that  the  pipes  shall  be  properly  supported,  so  that  their  weight 
shall  be  taken  off  the  joints.  It  will  be  understood  that  the 
weight  of  a  large  pipe  constantly  upon  the  bolts  upon  which  the 
joints  between  the  two  lengths  of  pipes  depends,  will  tend  to  pull 
the  flanges  away  from  each  other  in  one  part  of  the  pipe,  and  to  crush 
the  material  used  for  the  joint  at  another  part  of  the  pipe,  the  result 
being  a  possible  leakage  of  steam.  Steam  pipes  are  supportod  by 
brackets  fixed  to  the  walls  or  hangers  from  beams,  or  in  any  con- 
venient way,  the  supports  being  merely  rings  made  in  two  halves  so 
that  they  can  be  clasped  around  the  pipe,  the  ring  being  held  by 
rods  from  above  or  by  the  brackets  from  the  aides,  or  in  any  con- 
venient way. 

The  ring  main  system  of  steam  pipes  was  at  one  time  introduced 
into  some  of  the  electricity  generating  stations,  but  has  now  been 
practically  abandoned.  The  idea  of  the  arrangement  was  similar  to 
that  of  the  ring  system  of  electrical  distribution  employed  by  some 
of  the  earlier  electricity  supply  companies  in  London,  and  which 
ensured  two  chances  of  supply  to  any  particular  group  of  consumers. 
A  ring  of  steam  pipes  was  taken  round  the  boilers  and  the  engines, 
which  were  fixed  back  to  back,  and  it  was  supposed  that  in  case  of 
anything  happening,  there  were  two  chances  of  getting  steam  to  the 
engines.  Practice  has  shown,  however,  that  the  two  chancos  are  of 
breakdown  rather  than  of  increased  service,  and,  meanwhile,  the  more 
than  double  length  of  steam  main  gives  more  than  double  the  loss  by 

•  radiation. 
There  is  another  important  matter  in  connection  with  steam  pipes, 
and  that  is  that  they  are  exposed  to  the  expansion  and  contraction 
that  has  been  mentioned  in  connection  with  all  apparatus  that  is 
exposed  to  heat.  When  the  system  is  under  steam,  every  part 
through  which  the  steam  passes  assumes  a  temperature  equal  to,  or 

■  nearly  equal  to,  that  of  the  steam,  and  expands  with  it ;  and  when  the 
system  is  at  rest,  with  no  steam  passing  through  it,  or  even  when 
steam  remains  in  the  system,  but  with  engines  not  working,  and 
therefore  the  steam  is  at  rest,  cooling  takes  place,  the  pipes  following 
the  lower  temperature  and  contracting  with  it.  In  a  long  length  of 
pipe,  such  as  that  connecting  a  range  of  boilers  to  a  range  of  engines, 
as  in  an  electricity  generating  station,  and,  again,  long  pipes  connect- 

»ing  boilers  to  engines  at  a  distance,  the  expansion  and  contraction 
wUl  often  be  considerable,  especially  with  steam  at  high  pressures. 
The  difficulty  is  met  by  fixing  expansion  bends,  as  they  are  called, 
in  the  range  of  steam  pipes,  the  bend  moving,  altering  ita  shape, 
taking  up  the  increased  length  due  to  the  expansion,  and  giving  back 
the  increased  length  it  received,  when  contraction  takes  place.  This 
is  the  more  modern  method  of  providing  for  expansion  and  contraction, 


280     STEAM    BOILERS,    ENGINES,    AND    TURBINES 

Imt  arrangements  on  the  lines  of  that,  shown   in    Ki«    126,  known 
jointing  rings,  arc  also  employed.     It  will  be  seen  that  the  enda 


I  ii    196.     '•  Wedffring"  Coupling   lor  Steam    Pipes,  made   by  tljc    Btitttfe    31 

Spci/iuiitiea  Co. 

;ln'  pipes  are  held  hy  the  couplings  shown,  the  exp&nsj  in  and 
traction  being  taken  up  by  the  middle  portion  of  wedge 
whose  shape  makes  provision  against  leakage  of  steam. 


Steam  Traps 

An  apparatus,  of  which  there  are  various  forms,  and  which  [■  vt 
necessary  in  all  steam  systems,  is  the  steam  trap,  to  colled  Qi 
formed  from  condensed  steam  in,  say,  a  long  range  of  pipes  or  win 
I  tends,  etc.,  occur.     As  explained,  it  is  a  very  serious  matter  for  wal 
to  pass  into  au  engine  cylinder,  or  to  be  driven  violently  ag.i 
dead  end. 

There  are  two  main  lines  upon  which  steam  traps  are  worked — 1 
the  expansion  and  contraction  of  a  tube  or  rod  opening  and  clo 
valve,  allowing  the  water  to  pass  out  of  the  pipe  to  be  drained ,  and 
by  the  action  of  gravity,  the  weight  of  the  water  that  is  drained  from 
the  steam  pipe  closing  the  aperture  through  which  it  has  passed. 
The  trap  is  always,  or  should  be,  connected  to  the  lowest  part  of  the 
steam  pipes  to  be  drained,  and  it  should  contain,  or  discharge  itkl 
a  vessel   from   which   the   condensed   water  gathered   by  it   can 
delivered  to  the  hot  well,  or  wherever  the  feed  water  for  the  boil<  i 
taken  from.     The  amount  of  condensed  water  collected  by  m 
traps  on  a  large  service  of  steam  pipes  is  considerable  throughout 
day,  and  should,  in  many  cases,  effect  some  economy  in  steam  woi 
iug  if  collected. 

In  all  cases  the  action  of  the  steam  trap  is,  or  should  be,  auto- 
mat ic.      It  is  connected    to   the  pipe    l>y  drilling  a   hole,   or   the 


rork- 
auto- 


Pi  hi    18a     Half  of  Stotor  of  Brash  A  I'tinou*' Turbine. 


Pi^te  Lfio,    Brash  ft  Pmbom'   Turhina  directly  oonBtotefl  <"  Alton? 
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equivalent,  and  screwing  the  connecting  pipe  of  the  steam  trap 
into  it,  and  the  usual  arrangement  is,  the  steam  in  the  steam  pipe 
forces  out  the  water  that  has  been  condensed  in  front  of  it  through 
the  connecting  pipe,  into  the  trap  and  discharges  it,  and  then  closes 
the  valve  through  which  the  water  was  forced,  until  a  further 
quantity  is  collected.  Steam  traps  are  made  to  lift  the  condensed 
water  which  they  drain  off,  to  a  certain  height,  the  box  in  which 
the  trap  is  contained  being  made  to  withstand  higher  steam  pressures 
than  where  it  is  merely  to  act  as  a  water  holder,  and  the  pressure 
of  the  steam  inside  being  made  to  force  tho  water  out. 

The  following  are  a  few  examples  of  different  forms  of  steam  traj>s. 

Brooke's  Steam  Trap. — In  this  apparatus,  which  is  shown  in 
Figs.  127  and  128,  the  expansion  and  contraction  of  a  metal  tube,  which 


Fio.  127.  Sectional  viow  ol  tuo  Brooke  Steam  Trap.  A  in  tho  Steam  Pipe  to  be 
drained  ;  E  hi  tho  Valve,  which  in  opened  and  closed  by  the  lever  D,  actuated  by 
the  expansion  and  contraction  of  A. 


oiaoHAnaf 


is  open  to  the  steam  from  the  pipe  the  trap  is  intended  to  drain, 

actuates  a  valve,  which  automatically  discharges  the  water  that  has 

collected.     In  Fig.  127,  in  which 

the    whole    of    the    apparatus    is 

shown   in  section,  A    is   the  tube 

connected  to  the  steam  pipe,  into 

which  the  steam  enters,  and  it  is 

held  in  a  pair  of  rod  guides,  R  and 

151,  the  upper  one  of  which  actuates 

the  lever  D,  which,   in    its   turn, 

!D8  or  closes  the  valve  E  shown 

low. 

In  Fig.  128,  in  which  the  valve 
and  the  parts  connected  with  it  are 
shown  larger,  and  in  section,  the 
valve  with  its  vertical  rod  will  be 
noticed,  as  also  the  discharge  pipe 
on  the  left,  and  the  connection 
between   the  steam  pipe   through 

which  the  water  enters,  and  the  space  leading  to  the  discharge,  which 
is  opened  when  the  valve  rises.     When  water  enters  the  tube  A, 


Vic.  1-j.M..  section  ol  Dtaohnga  End  of 
Brooke's  Steam  Trap.  Steam  enters 
by  the  Pipe  shown,  in  the  direitiuii 
of  the  Arrow,  and  when  Water  ulsu 
on  torn,  tho  cooling  effect  contracting 
the  Steam  Pipe  actuates  the  I 
operating  the  Valve  shown,  opening 
it,  tbo  reverse  operation  clotting  it. 
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driven  into  it  by  the  steam  behind  it  in  the  steam  pipe,  the  presence 
of  the  water  lowers  the  temperature  of  the  tube,  causing  it  to  con- 
tract, and  to  compress  the  guide  rods  R,  Rl.  The  upper  guide  rod, 
as  explained,  then  works  the  lever  D,  depressing  the  valve  E,  opening 
a  passage  between  the  tube  A  and  the  discharge  opening,  the  water 
present  in  the  tube  then  being  driven  out.  Immediately  the  water 
has  been  driven  out,  a  certain  portion  of  the  steam  which  drove  it 
out  follows.  The  temperature  of  the  tube  A  then  being  raised,  it 
elongates,  carrying  with  it  the  guide  rods  R  and  Rl,  the  guide  R 
then  operating  the  valve  rod  of  tho  valvo  E  in  the  opposite  direction, 
closing  the  valve  and  shutting  the  discharge  pipe. 

In  the  arrangement  recommended  by  the  makers  of  the  Brooke 
steam  trap  for  draining  boiler  steam  pipes,  the  trap  is  connected  to 


tc.  129— Inside  view  of  "  Sirioa"  Steam  Trap.    The  semicircular  Tube  expands 
nnd  contracts  and  moves  the  Rod  to  and  fro,  closing  or  opening  the  Valvo  on 

thy  left. 


the  boiler  pipe  immediately  outside  of  the  stop  valve,  and  it  has  a 
cock  inserted  in  the  pipe  leading  to  the  trap,  by  which  the  trap  can 
be  shut  off  by  hand.  The  trap  is  made  for  pressures  up  to  200  lbf. 
per  square  inch,  and  a  special  form  up  to  300  lbs. 

Sirius  Steam  Trap — This  apparatus,  which  is  ateo  made  by 
Messrs.  Holden  &  Brooke,  is  shown  in  Fig,  129.  As  will  be  seen, 
the  principle  of  the  apparatus  is  very  much  the  same  as  that  of 
the  Brooke  trap,  but  the  expanding  tube  is  in  the  form  of  a  semi- 
circle. Also,  in  place  of  the  working  parts  of  the  trap  being  in  the 
open,  as  in  tho  Brooke  trap,  they  are  all  enclosed  within  the  semi- 
cylindrical  case  shown.  The  case  with  the  inlet  and  outlet  pipes 
forms  a  complete  path  for  the  steam  when  the  trap  is  open.  Whan 
at  rest,  that  is  to  say  when  the  trap  is  cold,  when  no  steam  is  passing, 
the  trap  i3  open,  and  therefore  when  steam  is  turned  on,  it  posses 
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through  the  trap  case,  full  bore  As  the  trap  warms  up,  the  semi- 
circular tube  expands  and  closes  the  entry  valve  on  the  left  As  will 
be  seen,  the  expansion  and  contraction  of  the  tube  moves  the  rod, 
which  forms  the  diameter  of  the  semi-circle,  to  and  fro,  compressing 

•and  elongating  the  spring  upon  the  rod.  The  semi-circular  tube  in 
this  case  does  not  receive  steam  on  the  inside.  It  responds  to  the 
heat  of  the  steam  in  the  vessel  in  which  it  is  enclosed.  When  water 
collects  in  the  trap,  the  cooling  effect  causes  the  semi-circular  tube  to 
contract  and  to  pull  back  the  sliding  rod  and  opening  the  valve, 
allowing  the  water  to  be  blown  out  by  the  steam,  after  which  the 
trap  is  again  warmed  up  and  tne  semi-circular  tube  expands  and 
closes  it. 

The  Lancaster  Steam  Trap. — The  Lancaster  steam  trap  is  n 
example  of  the  other  form  of  trap  mentioned — that  in  which 


Fi'..  130.— Longitudinal  Section  of  Lancaster  Steam  Trap.     B  is  the  Box;  E  the 
Float ;  S  the  Axlo  upon  which  the  Float  turns. 

a  float  is  employed  to  open  and  close  the  valve  discharging  the 
water.  Sections  of  the  valve  are  shown  in  Figs.  130  and  131. 
The  trap  consists  of  the  box  shown  in  Fig.  130,  in  which  the 
float  E  moves  up  and  down,  pivotted  upon  an  axle,  its  rising  and 

•  lulling  being  controlled  by  gravity,  as  it  becomes  full  of  water 
or  discharges  it.  When  at  rest,  the  float  ia  at  the  bottom  of  the 
box.  Connection  is  made  to  the  trap  through  the  pipe  which  forms 
the  hollow  steel  spindle  marked  S  in  Figs.  130  and  131,  upon 
which  the  float  E  moves.  When  the  trap  is  open  to  a  steam  pipe, 
any  water  that  may  bo  present  is  driven  by  the  steam  through  the 
hollow  spiudle  R  into  the  float  E,  gradually  causing  the  latter  to  fall. 
The  float  has  a  hole  at  the  bottom  of  the  end  removed  from  the 
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M, 


Fig.  131. — Transverse  Vertical  Sec- 
tion of  tho  Lancaster  Steam  Trap 
shown  in  Big.  130.  Tho  loiters 
refer  to  the  name  parts. 


spindle,  and  the  water  which  is  delivered  into  the  float  passes  thro 
the  hole  F  into  the  body  of  the  box  forming  the  trap.    The  float 

becoming  buoyant,  rises  and  cloaca  the 
admission  valve.  The  steam  drives 
the  water  out  through  the 
marked  N.  As  the  steam  left  in  the 
float  condenses,  water  from  the  box 
Hows  into  it,  when  it  again  falls, 
opens  the  valve,  tho  steam  that 
driving  the  water  nut,  and  so  on.  It 
is  claimed  that  ns  long  as  the  trap 
LB  connected  to  any  source  of  at 
supply,  it  will  continue  to  work 
and  fro  in  the  manner  rfaaeri 
discharging  the  water  that  has  been 
brought  over  as  long  as  any  is  present- 
It  is  also  claimed  that  the  valve, 
having  a  twisting  motion,  automati- 
cally grinds  itself  steam-tight.  It  is 
claimed  also  that  tho  adjustable  air 
valve  N  at  the  top  of  the  float  on 
comes  the  trouble  that  sometimes 
arises  from  the  re-evaporation  of  the  water  that  is  brought  over  with 
tho  steam. 

The  Water-Seal  Steam  Trap. — The  water-seal  steam  trap  is 
claimed  to  be  a  steam  separator  and  a  steam  trap  as  well.  The 
apparatus  has  the  usual  steam  inlet  and  outlet,  and  is  arranged  to 
be  connected  in  the  steam  service  in  place  of  being  merely  tapped 
on  to  it.  The  steam  enters  on  one  side  of  a  short  casting  and  leaves 
by  the  other;  but  in  passing  through  a  spherical  portion  ot  (hi 
casting  it  is  claimed  that  any  water  present  is  separated  from  tie 
steam,  which  issues  dry  on  the  outlet  side,  the  water  being  carried 
down  into  a  sphere  at  the  bottom.  The  head  may  also  be  simply 
connected  to  a  steam  service,  instead  of  being  inserted  in  the  steam 
service.  The  inlet  and  outlet  of  the  head  are  of  tho  same  diameter 
as  the  pipe  the  apparatus  is  to  drain,  but  the  spherical  portion  ift 
usually  double  the  diameter.  On  tho  steam  entering  the  head,  it  is 
claimed  that  the  water  on  the  lower  portion  of  the  entry  pipe  falls 
directly  into  the  globe  below,  to  which  the  head  is  connected.  The 
comparatively  dry  ateam  is  made  to  follow  a  somewhat  circuium*. 
course,  on  the  usual  lines  of  the  steam  separator,  in  its  passage  from 
the  inlet  to  the  outlet  porta,  and  during  this  passage  it  is 
that  the  remainder  of  the  water  is  separated. 

What  is  termed  a  sensitive  tube,  which  is  of  a  diameter  not 
than  that  of  the  steam  pipe  that  is  being  drained,  and  which  v 
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length  from  8  to  16  inches,  is  fixed  to  the  lower  9ide  of  the  head,  and 
it  tube  performs  the  usual  office  of  opening  and  closing  the  water 
ihargo  valve  by  its  expansion  and  contraction.  A  spherical  vessel 
is  attached  to  the  lower  portion  of  the  sensitive  tube,  and  inside  of 
the  sensitive  tube  is  a  smaller  discharge  tube  leading  to  the  discharge 
valve,  and  extending  nearly  to  the  bottom  of  the  lower  sphere.  The 
sphere  at  the  bottom  is  called  the  water-seal  chamber,  and  its  office  is 
to  cover  with  water  the  open  end  of  the  internal  discharge  tube,  so 
no  steam  can  pass  that  way.  There  are  two  rods  rising  from 
lower  globe  leading  to  levers,  which  operate  the  discharge  valve. 
As  the  sensitive  main  tube  rises  and  falls,  the  side  rods  open  and 
close  the  discharge,  valve  and  allow  the  water  that  has  collected  in 
the  lower  spherical  chamber  to  be  blown  out  by  the  steam,  the  valve 
being  closed  when  the  water  has  been  blown  out,  and  reopened  later 
by  the  admission  of  water,  and  so  on. 


Steam  Traps  Operating  by  the  Expansion  of  a 
Volatile  Spirit 


There  is  a  line  of  steam  traps  made  by  the  Steam  Fittings  Co,, 
in  which  the  usual  arrangement  of  an  expanding  and  contracting 
metal  rod  or  tube,  is  replaced  by  expansion  and  contraction  of  a 
vnl.it  lie  spirit,  moving  a  diaphragm,  to  which  a  tube  is  attached,  whose 
motion  opens  and  closes  the  trap.  In  the  form  known  as  the  Midget, 
ili  1  •  is  a  hollow  chamber  at  the  top  of  the  apparatus,  in  which  a 
flexible  diaphragm  is  stretched,  the  volatile  liquid  mentioned  being 
enclosed  in  I  he  space  above  the  flexible  diaphragm,  and  the  tube 
which  opens  and  closes  tlio  valvo  being  attached  to  the  lower  part. 
Steam  enters  at  an  inlet  on  the  left,  and  when  the  central  tube  is 
raised,  it  passes  through  the  apparatus,  and  out  by  an  outlet  on  the 
right,  driving  any  water  that  may  be  present  before  it.  The  rising 
and  falling  of  the  flexible  diaphragm,  is  controlled  by  the  heat  of  the 
steam  when  present,  and  the  cooling  of  the  water  when  any  is  brought 
over.  When  the  spirit  is  condensed,  in  the  chamber  above  the 
hragm,  the  central  tube  rises,  and  allows  the  steam  and  water  to 
through.  When  steam  passes  up  into  the  central  tube,  having 
riven  all  the  water  present  through  the  apparatus,  the  heating  effect 
of  the  steam  causes  the  volatile  spirit  to  evaporate,  the  pressure 
created  forcing  the  central  tube  down,  and  closing  the  trap,  this 
operation  going  on  continuously,  as  long  as  the  connection  is  made 
to  the  steam  pipe  to  be  drained,  and  there  is  water  to  be  carried 
away.  It  is  recommended  that  the  trap  should  be  fixed  as  close  as 
possible  to  the  apparatus  to  be  drained. 
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The  Reservoir  Steam  Trap 

The  reservoir  steam  trap  is  a  modification  of  the  Midget,  in- 
tended for  larger  work.  There  is  the  same  chamber,  with  an  inner 
chamber  formed  by  flexible  diaphragms,  controlling  the  valve  of  the 
apparatus,  but  it  is  below  the  entry  pipe  in  place  of  above,  as  in  the 
Midget.  The  rising  and  falling  of  the  valve  is  controlled  by 
the  evaporation  and  condensation  of  the  volatile  liquid  in  the  flexible 
chamber,  as  before,  but  the  water  that  passes  in  to  the  appara: 
allowed  to  fill  the  chamber,  and  to  overflow  to  tho  outlet  through  a 
tube  in  the  centre,  connecting  to  the  outlet  port.  The  reservoir  ij-  8 
copper  doraoJ  and  it  is  the  cooling  of  tho  copper  dome  which  cools 
the  flexible  diaphragm  chamber,  by  conduction,  that  leads 
closing  of  the  pipe-. 


The  Euston  Steam  Trap 

This  is  another  apparatus  made  by  the  Steam  Fittings  Co.,  id 
which  the  arrangement  of  tho  valve  is  very  similar  to  that  of  the 
diaphragm  controlled  valves  described  above,  but  the  expanding  tube 
itself  forms  the  portion  of  the  valve  which  opens  and  closes,  and  is 
itself  operated  directly  by  the  heat  of  the  steam,  and  the  cooling 
effect  of  the  water.  Tho  tube  forming  the  valve,  and  which  responds 
to  the  change  of  temperature,  has  an  inner  tube,  whose  position 
can  bo  regulated  by  a  screw  at  the  top  of  the  apparatus.  The 
water  that  is  brought  over  by  the  steam,  in  the  process  of  draining, 
is  forced  through  the  annular  space  between  the  two  tubes,  and  in 
its  passage  cools  the  outer  tube,  causing  it  to  contract,  thereby  rising 
and  opening  the  valve  for  the  passage  of  the  water  straight  through. 


The   Anderson    Trap 


. 


This  is  an  apparatus  made  in  America,  in  which  the  opening  and 
closing  of  the  valve  is  controlled  by  the  rising  and  falling  of  a  lull. 
very  much  on  the  lines  of  the  ordinary  ball  cock  employed  for  house- 
hold water  supply,  the  expansion  and  contraction  of  the  ball  opening 
and  closing  the  valve,  in  place  of  the  rising  and  falling  of  the  wawr. 
One  feature  of  the  trap  is,  the  sediment  chamber  at  the  bottom,  into 
which  any  grit,  etc.,  that  comes  over  falls,  it  being  claimed  ttuti 
prevents  the  valve  itself  being  choked  by  the  grit  The  valve  of  the 
trap  is  sealed  with  3  or  4  inches  of  water,  and  it  is  claimed  that 
prevents  the  loss  of  steam. 
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Relief  Valves 

Relief  valves  are  fitted  to  various  portions  of  the  steam  system, 
such  as  the  cylinder,  the  main  steam  pipe,  etc.,  and  they  are  made  in 
various  forms,  a  favourite  one  being  a  spring-loaded  valve,  which 
opens  when  the  tension  of  the  spring  is  overcome  by  the  pressure  of 
the  steam  in  the  space  the  valve  is  intended  to  protect. 

Valves  are  also  arranged  to  cut  off  boilers,  should  the  steam  main 
burst,  or  should  a  tube  in  one  of  the  boilers  burst.  The  arrangement 
consists  of  a  differential  valve,  kept  in  balance  so  long  as  the  system 
is  working  properly,  and  coming  into  operation,  and  closing  the 
valve,  should  the  steam  main  or  one  of  the  tubes  of  any  particular 
boiler  burst. 


CHAPTER  V 
THE   STEAM   TURBINE 


The  steam  turbine  differs  from  the  reciprocating  engine,  in  the  very 
important  point  that  the  direction  of  motion  of  its  moving  parts  U 
never  reversed.     In  the  reciprocating  engine,  as  has  been  explained 
the  piston,  which  receives  energy  from  the  steam  and  converts  it  into 
mechanical  energy,  moves  to  and  fro,  and  is  consequently  subject  to 
all  the  disadvantages  that  have  been  mentioned  in  connection  will 
to-and'fro  motion.     The  steam,  for  instance,  has  to  be  pushed  out  of 
the  cylinder,  after  it  has  done  its  work,  and  different  arrangements 
have  to  be  made  to  ensure  that  the  full  work  of  the  cylinder  of  steaoi 
is  obtained,  and  so  on.     la  the  turbine,  in  all  forms,  there  is  an  axle, 
upon  which  arc  mounted  apparatus  designed  to  give  rotary  mot< 
I  In:  shaft  directly,  and  without  the  intervention  of  any  conv< 
apparatus,  such  as  a  crank  shaft,  and   the   motion  so  obtained  is 
continuous,  so  long  as  the  steam  is  passing  through  the  apparatus 
and  is  always  in  the  same  direction.     All  forms  of  turbine  have  i 
closed  vessel,  in  which  the  moving  axle  is  carried,  on  bearings,  just 
as  a  crank  shaft  is  carried,  the  enclosed  chamber  being  suhV: 
large  to  accommodate  the  apparatus  that  is  to  receive  the  energy 
from  the  steam,  and  to  convert  it  into  rotary  motion. 


Classes  of  Steam    Turbines 

There  are  two  classes  of  steam  turbines,  known  respectively  as  the 
pressure  turbine  and  the  velocity  turbine,  the  latter  being  sometime? 
called  the  impulse  turbine.     Their  names  are  taken  from   bb 
that  the  one  receives  the  steam  at  the  full  pressure,  just  as  a  r« 
eating  engine  does,  and  allows  it  to  expand  down  to   the    I 
pressure  obtainable  by  the  aid  of  a  good  condensing  apparatus ;  while 
the  other  receives  the  steam  at  the  lowest  pressure  that  can  k 
produced,  under   the  conditions,  whether  that  be  atmospheric  »r 
condenser  pressure,  and  the  energy  of  the  steam  is  converted 


*LATE   19b. — Hiohiirdcon'*,   VFtttgiirth'*,  mid    I'lir-nn-'  St.  uin    Tnrl.it'''   <lm<-tl\    con- 
nect r.  I  to  two  Klactrtcttj  ttflnerafcors.  ns  vinwitl  from  Hie  mhimi  end 
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mechanical  energy,  by  the  passage  of  the  steam  through  the  apparatus 
at  a  high  velocity.    The  two  forms  are  also  sometimes  called,  reaction 

I  (pleasure),  and  action  (velocity)  turbines. 
There  is  an  intermediate  group  of  turbines,  in  which  the  steam  i9 
expanded  down  to  the  exhaust  pressure  by  stages,  each  stage  forming 
a  velocity  turbine  in  itself,  but  the  different  stages  being  arranged 
with  regard  to  each  other,  very  much  as  the  different  cylinders  of  a 
compound  or  triple-expansion  reciprocating  engine  are,  and  the 
pressure  of  the  steam  being  gradually  lowered  at  each  stage. 
It  will  be  understood  from  what  has  been  stated  in  previous 
portions  of  this  book,  that  the  steam  possesses  energy  in  virtue  of  the 
heat  which  has  been  imparted  to  it  in  the  boiler,  part  of  it  being  the 
latent  heat  causing  it  to  chango  its  physical  condition  from  water  to 
steam,  and  the  other  part  being  energy  imparted  to  it  after  its 
conversion  into  steam,  by  the  continuous  delivery  of  heat  to  it,  the 

■  continuous  generation  of  steam  in  the  boiler,  and  by  the  consequent 
increased  pressure  upon  the  steam  already  there.  Energy  may  be 
either  in  the  potential  or  kinetic  form.  By  potential  energy  is 
meant,  the  ability  to  perform  work,  if  certain  things  are  done  to 
the  object  possessing  the  potential  energy.  Thus,  a  rock  poised  at 
the  top  of  a  mountain  peak,  possesses  potential  energy  in  proportion 
to  its  weight  and  to  its  height  abovo  the  plain  below,  or  the  sea 
level,  if  it  is  able  to  reach  it ;  and  it  will  accomplish  the  work  repre- 
sented by  its  potential  energy  if  its  supports  are  removed,  say  by  its 
being  loosed  from  its  bed,  forced  over  the  precipice,  and  so  on. 
Similarly,  a  column  of  water  in  a  pipe,  extending  from  a  reservoir  at 

I&  height  above  a  river  in  a  valley  below,  possesses  potential  energy, 
which  is  measured  by  the  weight  of  the  water  in  the  pipe,  and  the 
vertical  height  through  which  it  would  fall  in  passing  to  the  river,  or 
to  the  sea,  when  it  finally  reached  it. 
Immediately  potential  energy  is  released,  it  becomes  converted 
into  kinetic  energy.     Thus,  in  the  case  of  the  column  of  water,  when 

tit  is  made  to  move  a  turbine  near  the  bottom  of  the  valley,  the 
kinetic  energy  possessed  by  the  moving  water  is  delivered  to  the 
turbine,  and  is  there  converted  into  mechanical  energy.  Similarly 
with  steam,  the  steam  present  in  the  boiler  possesses  potential 
energy,  in  proportion  to  its  pressure,  and  to  its  quantity.  Its 
potential  energy  is  converted  into  kinetic  energy  immediately  it 
commences  to  move,  whether  it  is  driving  the  piston  of  a  recipro- 
cating engine,  or  the  moving  member  of  a  turbine.  It  will  be 
remembered  also  that,  as  was  explained  in  Chapter  I.,  the  volume  of 
the  steam,  and  of  any  gas,  varies  inversely  with  the  pressure  to  which 
it  is  subject,  in  accordance  with  the  formula — 


pv  m  a  constant 


29o    STEAM   BOILERS,   ENGINES,  AND  TURBINES 


It  will  be  evident,  therefore,  that  given  a  certain  body  of  steam,  at  a 
certain  pressure,  if  it  is  nllowed  to  expand  to  lower  pressures 
without  losing  or  receiving  heat  from  any  source,  adibiatically  as  it 
Ifl  <i lied,  the  Inrger  volume  of  the  steam  will  be  possessed  of  the  same 
amount  of  energy  as  the  smaller  volume,  and  will  doliver  its  energy 
to  any  apparatus  thai  ran  receive  it,  provided  that  arrangements  can 
bo  made  to  utilize  the  energy  possessed  by  the  steam  at  the  lower 
[irt^Mirc  uitluml  loss.  And  thifl  VB  v.lul  [fl  d(Hlfl  in  Ehfl  velocity 
turbine.  The  steam  is  expanded  down  to  the  lowest  pressure 
obtainable  by  condensation,  in  the  latest  apparatus,  as  will  be 
explained,  about  1  lb.  pressure  absolute,  and  the  energy  of  the 
enormously  increased  volume  of  the  steam  is  utilized  by  driving  it 
through  the  turbine  at  a  very  high  velocity.  In  the  table  given 
below,  taken  from  a  paper  read  by  Mr.  Konr.id  Andcrsson  before  the 
Institution  of  Engineers  and  Shipbnildera  in  Scotland,  the  different 
velocities,  kinetic  energies,  and  horse-powers  are  given  for  steam  at 
different  initial  pressures,  when  opposed  to  different  counter  pressures. 


TABLE  XXIV. 


The  Velocity  op  Outflow  amd  thb  Workisg  Capacity  ok  Dar 
Saturated  Steam. 
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It  will  lie  understood  that  in  the  steam   ttirhine,  as  in   i: 
rocating  engine,  the  steam,  after  passing  through  the  Uirbiue,  is  either 
exhausted  to  the  atmosphere,  or  into  a  condenser,  and  that  it,  has  10 
force  its  way  out  against  the  pressure  of  the  atmosphere,  or  that  of 
the  condenser,  and  that  the  velocity  with  which  the  steam  passes 
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through  the  turbine,  is  reduced  by  the  counter  pressure.     Thus,  it 

twill  be  seen  that  while  with  GO  lbs.  initial  pressure,  the  velocity  of 
outflow  of  the  steam  is  2-iSl  feet  per  second  when  exhausting  to  the 
atmosphere,  it  becomes  3320  feet  per  second  with  a  vacuum  of  25 

•  inches,  and  3680  feet  per  second  with  a  vacuum  of  28  inches,  the 
velocity  of  steam  at  200  lbs.  pressure  being  increased  from  3115  feet 
per  second  when  exhausting  to  the  atmosphere,  to  3810  feet  per 
second  with  25  inches  of  vacuum,  and  4127  per  second  with  28  inches 

»of  vacuum.  A  very  striking  point  will  he  noted  here,  viz.  that  the 
velocity  of  the  steam  and  its  kinetic  energy  and  horse-power  is 
greater  with  60  lbs.  initial  pressure  and  a  25-inch  vacuum,  than  with 
300  lbs.  initial  pressure  and  exhausting  to  the  atmosphere.  Also, 
that  with  GO  lbs.  initial  pressure  and  28-inch  vacuum,  the  velocity  of 
the  steam  and  the  horse-power  is  greater  than  with  140  lbs.  initial 
pressure  and  the  25  inches  of  vacuum.  This  was  explained  fully  in 
the  first  chapter,  it  being  clue  to  the  larger  quantity  of  heat  that  is 
set  free  at  the  lower  pressures. 


Difference  between  Pressure  and  Impulse 
Turbines 


It  will  probably  be  difficult  for  the  student  to  grasp  the  difference 
between  pressure  and  impulse  turbines,  or,  as  the  author  prefers 
to  call  them,  pressure  and  velocity  turbines,  because,  as  will  be  seen 
from  the  descriptions  given  further  on  in  the  book,  of  the  different 
forms  of  turbines,  the  construction  of  the  two  forms  is  almost 
identically  alike.  The  fundamental  difference  may  bo  taken  to  be 
as  follows : — In  the  velocity  or  impulse  turbine,  there  are  one  or 
more  closed  chambers,  into  which  the  steam  that  is  to  drive  the 
turbine  wheel  is  expanded,  and  it  drives  the  wheel  purely  by  its 
velocity — by  the  speed  at  which  the  steam  passes  through  the  wheel. 
In  the  pressure  turbine  there  are  no  closed  chambers,  the  expansion 

■  of  the  steam  is  continuous  from  its  entry  to  its  exit.  It  expands  at 
each  of  the  guide  rings,  as  they  are  termed,  the  rings  of  blades 
separating  the  rings  of  blades  on  the  moving  member  of  the  turbine, 
and  it  also  expands  as  it  passes  through  the  blades  on  the  moving 
member  itself.  Further,  the  steam  can  pass,  not  only  through  the 
guide  blades,   but  round  them,  and   not  only  through  the  blades 

»on  the  moving  member,  but  also  round  them,  iu  the  small  space 
between  their  ends  and  the  enclosing  chamber. 
As  explained  above,  the  later  forms  of  impulse  turbiues  are  really 
combinations  of  pressure  aud  velocity  apparatus.  That  is  to  say, 
the  steam  is  expanded  from  the  initial  boiler  pressure  to  a  certain 
low  pressure  in  the  first  stage,  then  to  a  further  lower  pressure  in 
the  second  stage,  and  so  on. 


292    STEAM   BOILERS,   ENGINES,  AND   TURBINES 


Compounding   in    Pressure   Turbines 

The  different  sizes  of  rings  of  blades  La  the  pressure  turbine, 
correspond  to  the  different  sizes  of  cylinders  with  reciprocating 
engines,  the  steam  being  gradually  expanded  as  it  passes  through  the 
apparatus  from  the  entry  port  to  the  exhaust  port,  but  with  the 
great  advantage  over  the  reciprocating  engine,  that  the  expansion 
is  continuous  right  through  the  apparatus.  Thus  the  steam  entering 
at  the  smaller  end  of  the  enclosing  cylinder,  passes  through  the  first 
ring  of  blades,  then  tlirough  a  ring  attached  to  the  casing,  then 
through  another  ring  on  the  axle,  through  a  second  ring  attached 
to  the  casing,  and  so  on.  In  passing  tlirough  each  ring  of  blades, 
whether  attached  to  the  axle  or  to  the  casing,  the  steam  parts  w  i 
a  certain  portion  of  its  energy,  and  with  a  certain  portion  of  its  h 
its  pressure  becoming  lower  in  accordance  with  the  lowered  tempe- 
rature, as  explained  in  Chapter  I,  The  energy  it  parte  with  is 
delivered  to  the  blade3,  and  a  certain  portion  of  it  acts  radially,  to 
give  motion  to  the  axle.  It  will  be  remembered  that  every  I 
can  be  resolved  into  two  forces  at  right  angles  to  each  other,  and 
this  case  the  force  acting  upon  each  inclined  blade,  is  resolved  i 
two  forces,  one  acting  longitudinally,  and  tending  to  force  the  wholo 
of  the  rotor  against  its  end  bearings,  and  the  other  tending  to  cause 
the  rotor  to  revolve.  As  the  steam  passes  through  successive  ring? 
of  blades,  its  pressure  and  temperature  being  lowered,  the  rings  of 
blades,  it  will  be  seen,  are  increased  in  diameter,  so  that  the  turning 
moment  given  to  the  axle  is  maintained  constant  throughout  the 
length  of  the  turbine ;  this,  it  will  be  understood,  being  a  v 
important  point  in  connection  with  the  apparatus. 


ine- 


into 


Forms  of  Pressure  Turbine 


The  Parsons  Turbine. — The  earliest  form  of  pressure  turbine 
is  the  well-known  Parsons,  the  invention  of  Hon.  Charles  Parsons. 
S  <  tions  of  this  turbine  are  shown  in  Figs.  132, 134  and  135,  and  also 
of  the  modifications  of  it  made  by  Messrs.  Willans  and  Robinson.  TIij 
apparatus  consists,  as  will  be  seen,  of  a  long,  cylindrical  chamber, 
enclosing  the  axle  mentioned  on  a  previous  page,  the  axle  carrying 
a  number  of  blades,  slightly  inclined  to  the  radius,  The  blades  are 
held  within  enclosing  ring3,  which  in  Messrs.  Willans'  apparatus  are 
of  the  form  shown  in  Fig.  133,  the  inner  end  of  the  blade  being  dove- 
tailed into  a  recess  provided  for  it  in  the  axle,  and  the  outer  end  held 
by  the  enclosing  ring.  The  rotor  and  Btator  of  a  Brush-Parsons 
turbine  are  shown  in  Plates  18a  and  18b,  and  complete  turbines 
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the  Brush  Co.  and  Messrs  Richardson's  Weatgartb,  in  Plates  18c, 
and  19a,  19b,  and  19c.  As  will  be  seen  from  the  figures,  a  number 
of  blades  are  assembled  together  to  form  a  complete  ring,  surrounding 
the  axle,  but  the  blades  being  slightly  inclined  to  the  radius  of  the 


Fio.  132. — Section  of  Farsons  Turbino,  showing  fcho  Equalising  Pressure  Rings  at 

the  Steam  End. 


apparatus,  there  is  a  space  between  adjacent  blades.  Kings  of  blades 
are  placed  on  the  axle,  between  similar  rings  fixed  on  the  inside 
of  the  case,  which  in  the  Willans  form  are  built  up  in  exactly  the 
same  manner,  one  end  of  each  blade  being  dovetailed  into  the  case 


CMlHC 


^Ifejfm 


Fio.  138.— Willans'  arrangement  of  Rotor  and  Stator  Blades,  with  their  Containing 
Rings,  and  the  Joints  to  .shaft  and  Casing. 

in  a  slot  provided  for  it,  and  the  other  held  by  the  enclosing  ring.  In 
all  pressure  turbines  the  rings  of  blades  extend  from  the  axle  very 
nearly  to  the  inside  of  the  outer  case,  and  the  rings  of  blades  fixed 
to  the  cylinder  extend  almost  to  the  axle.     As  will  be  seen  from 
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the  Plates  18a  and  18p.  there  are  successive  rings  of  blades  increasing 
in  size,  and  the  diameter  of  the  enclosing  cylinder  also  increases  in 
size  from  one  end  to  the  other.      It  will  be  noticed  in  Plate  18a, 
which  represents  the  rotor,  or  moving  member,  of  a  Brush-Parsons 
turbine,  that  the  rings  of  blades  extend  only  a  small  distance  radially 
outwards  from  the  axle  at  the  left-hand  end,  and  that  thau 
increases  from  left  to  right.     The  rings  of  blades  fixed  to  the  inside 
of  the  cylinders  follow  the  same  increase.     The  sizes  of  the  blades, 
the  length  of  the  turbine,  the  number  of  the  rings  of  blades,  and  so 
on,  depend  upon  the  horse-power  that  is  to  be  developed  by  the 
turbine,  the  pressure  of  steam   that  it  is  to  work  with,  and  the 
quantity  of  steam  that  has  to  pass  through  it.     It  will  I*  under- 
stood that  with  higher  pressures  of  steam,  the  numbers  of  sectioi 
of  rings  of  blades  will  be  more  than  with  lower  pressures, 
that  whore   the   turbine  has   to  accommodate  a   large  quantity 
steam,  it  must  be  made  larger  in  diameter  thau  where  it  has  only  to 
accommodate  a  smaller  quantity.     Thus,  with  a  comparatively  low 
pressure  of  steam,  the  turbine  would  be  shorter  longitudinally,  and 
larger  in  diameter  than  with  higher  pressure  steam,  for  a  given  horse- 
power.    On  the  other  hand,  it  should  be  noted  that  the  work  doi 
by  any  steam  turbine  is  so  largely  at  the  low-pressure  end  of  ti 
steam  scale,  where  high  vacua  can  be  obtained,  that  there  is  not 
very  great  difference  between  the  sizes  of  turbines  for  high  and  lo1 
pressure  working. 

There  is  another  exceedingly  important  point  in  connection  with 
the  pressure  turbine,  and  that  is,  the  matter  of  the  end  thrust  ft 
mentioned.  It  was  mentioned  above,  that  the  force  applied  to  the 
inclined  blades  was  resolved  into  two  forces,  at  right  angles  to  ench 
other,  one  of  them  acting  in  the  direction  in  which  the  steam  is 
moving,  and  tending  to  forco  the  shaft  longitudinally  against  its 
end  bearings.  In  some  of  the  early  machines,  it  was  found  it 
this  was  a  somewhat  serious  matter,  and  Mr.  Parsons  overcame  1 1 
difficulty  by  providing  a  dummy  axle,  forming  an  extension  of  the 
axle  proper,  beyond  what  would  be  the  end  bearing,  the  dummy  axle 
having  three  discs,  which  were  exposed  to  the  pressure  of  steam  at 
different  portions  of  the  rotating  apparatus.  In  an  earlier  form  of 
Parsons  turbine  also,  the  difficulty  was  overcome  by  making  the 
turbine  in  duplicate,  having  two  turbines  in  one  casing,  and  on  one 
axle,  and  admitting  the  steam  to  the  centre  between  the  two.  This 
is  only  used  for  small  sizes,  because  the  efficiency  of  the  steam  turbine 
increases  very  rapidly  with  the  size,  and  consequentl)'  when  the  work 
was  divided  between  two  small  turbines,  in  place  of  one.  large  one, 
the  consumption  of  steam  was  considerably  increased.  In  all  later 
forms  of  Parsons  turbine,  as  shown  in  Figs.  132  and  134,  rings  are 
fixed  on  the  rotor  axle  behind  the  steam  inlet,  which  are  exposed  to 
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different  pressures  of  steam,  and  so  balance  the  pressure  due  to 
the  action  that  has  been  described.  In  Fig,  134,  which  is  a  section 
of  a  Willans-Parsons  turbine,  the  enclosing  case  is  shown  shaded, 
and  the  different  steam  spaces,  etc.,  are  marked  by  different  letters. 
Thus,  A',  A",  are  the  spaces  in  which  the  blades  of  the  rotor 
revolve,  and  in  which  the  stationary  rings  of  blades  are  also  fixed, 
the  spaces  being  larger  as  the  steam  inlet  is  receded  from.  J  is 
the  entry  port  for  the  steam,  C  is  a  disc  on  the  axle  immediately 
behind  the  entry  port,  and  exposed  to  the  full  steam  pressure  which 
enters  there,  and  D  is  another  disc  fixed  on  the  axle,  still  further 
behind  the  entry  port,  and  exposed  to  steam  acting  upon  the  inter- 
mediate blades  in  the  space  A',  connection  between  these  spaces  and 
the  disc  D  being  made  by  the  pipe  E.  The  pipe  H  which  is  seen 
below,  and  which  communicates  with  the  back  of  the  disc,  or  balance 


Fio.  134.— Section  of  WiUans-Ptraonii  Steam  Tuxbino.  AA,  A' A',  A"A"  arc  the 
Bovoral  Steam  Spacer;  J  is  tho  Steam-entry  port;  C  and  D  oro  the  Balance 
Discs  receiving  pressure  from  tho  Steam  Spacos  by  tho  passages  E  and  H,  H 
being  connected  to  the  Exhaust. 


piston  D,  is  iu  connection  with  the  exhaust  B,  and  tends  to  keep  thfl 
apparatus  iu  equilibrium. 

In  addition  to  the  steam  connections  mentioned  for  balancing  the 
end  thrust  of  the  rotor,  connections  are  arranged  to  admit  steam  of 
full  pressure  to  the  intermediate  sections  of  the  turbine  on  BpeafsJ 
occasions,  to  enable  it  to  pull  with  a  temporary  overload.  This  is 
the  equivalent,  in  turbine  work,  of  the  practice  that  is  sometimes 
employed,  of  admitting  high-pressure  steam  into  intermediate  or  low- 
pressure  cylinders  with  reciprocating  engines,  to  give  high  starting 
torque. 

The  Bearings  of  the  Parsons  Turbine. — The  bearings  of  tur- 
bines are  necessarily  of  very  great  importance,  since  the  rotors  and 
their  axles  revolve  at  very  high  speeds.     Iu  the  Parsons  turbine  the 
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bearing  is  built  up  of  four  concentric  cylinders  having  spaces  between 
them,  which  are  filled  with  oil  under  pressure.  The  inner  cylinder 
forms  the  bearing  proper  and  consists  of  the  usual  gun-metal  sleeve, 
prevented  from  turning  by  a  loose-fitting  dowel,  and  the  ubject  of 
the  throe  other  sleeves  is  to  enable  the  shaft  to  ran  about  its  axis 
of  gravity  instead  of  its  geometric  axis,  the  journal  itself  running 
slightly  eccentric.  It  is  claimed  that  this  form  of  tearing  fulfils  the 
same  office  as  the  flexible  shaft  employed  in  the  De  Laval  turbine 
described  further  on.  The  four  cylinders  forming  the  bearing  are 
held  in  an  outer  cast-iron  sleeve,  and  in  all  forms  of  turbine  the 
bearings  are  very  long.  In  the  Parsons  turbine  there  is  an  oil  reser- 
voir under  the  bearing  at  the  steam  end,  as  shown  in  Fig 
which  the  oil  from  the  bearings  drains  after  it  lias  done  its 


Fig.  135.— Section  of  ParsoiiB  Turbine,  with  Bearings,  Lubricating  Arrangement, 

and  Governor, 


inga  «t 
ked  bi 


and  from  which  it  is  pumped  to  a  chamber  above  the  bearings 
that  end,  from  which  it  runs  to  the  bearings  by  gravity,  the  net 
head  being  formed  in  the  chamber,     The  oil  pump  is  worked  by 
worm-wheel  gearing,  taking  motion  from  the  main  shaft. 

The  Governor  of  Parsons  Turbines. — In  Parsons  turbines  the 
steam  is  admitted  to  the  containing  cylinder  in  gusts,  the  quantity 
of  steam  admitted  to  the  turbine  at  each  gust  being  regulated  by  the 
time  the  adtnissiou  valve  13  open,  and  this  being  controlled  by  % 
relay  valve  worked  by  the  governor.  The  arrangement  of  Lhts 
governor  is  shown  in  Figs.  135  and  136.  It  receives  motion  bom 
worm  gearing  on  an  extension  of  the  main  shaft,  and  has  the  usual 
revolving  balls,  as  shown,  with  the  spiral  spring  opposing  their  out 
ward  motion.  The  vertical  rod  giving  motion  to  the  governor 
acts  as  a  fulcrum,  at  a  point  below  the  governor,  for  the  system 
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levers  shown  in  Fig.  136.  In  the  figure  the  upper  portion  of  the  main 
steam  admission  valve  is  shown,  and  nlso  the  relay  valve  controlling 
it,  and  it  will  be  seen  that  the  relay  valve  is  worked  by  the  system 
of  levers  mentioned,  the  levers  receiving  motion  from  an  eccentric 
on  the  main  shaft,  the  levers,  the  eccentric  and  the  governor  together 
controlling  the  relay,  and  the  relay  controlling  the  time  the  main 
valve  is  open,  at  each  gust.  The  governor  controls  the  motion  by 
varying  the  plane  of  oscillation  of  the  relay  valve,  this  causing  the 
main  admission  valve  to  remain  open  a  longer  or  shorter  time.  It 
will  be  seen  that  this  arrangement  is  the  equivalent  of  the  admission 


Fio.  136.— Sectional  Drawing  of  Parsons  Steam-turbine  Governor.     A  fa  the  Roloy 

Valve. 


valve  of  a  reciprocating  engine  with  variable  cut-off,  but  with  the 
advantage  that  the  passage  of  steam  into  the  cylinder  is  always  in 
the  same  direction,  and  is  practically  continuous. 

For  governing  the  turbines  employed  for  driving  electricity 
generators,  Mr.  Parsons  employs  an  electrical  apparatus,  consisting 
of  a  solenoid  with  shunt  and  main  windings,  the  relay  operating  the 
main  admission  valve  being  controlled  by  the  pull  of  the  solenoid, 
and  this,  again,  being  controlled  by  the  work  the  generator  is  being 
called  upon  to  perform.  When  the  load  on  the  generator  increases, 
the  main  windiug  of  the  electric  governor  receives  an  increased 
current,  the  shunt  winding  having  its  current  slightly  decreased,  and 
the  admission  valve  in  consequence  being  open  longer  at  each  gust, 
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while,  when  the  load  is  decreased,  the  main  winding  loses  a  portion 
of  its  pull  owing  to  the  decreased  current  passing  in  its  coils,  and 
the  shunt  winding  has  its  current  increased,  and  the  admission  valve 


Fia.  138.  —  Cross  Section  and  Plan  of  one  arxongeniont  of  Parsons  Turbines  for 

btoamship  Propellers. 


is  not  open  for  so  long.  Figs.  137  and  133  show  interesting  appli- 
cations of  Parsons  turbine.  Fig.  137  is  a  turbo  pump,  and  Fig, 
138  the  arrangement  of  turbines  for  driving  the  pTOpellsn  of 
steamships. 
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The  Willans  Turbine  Governor 

In  the  Willans  apparatus  the  governor  is  practically  the  equiva- 
lent  of  the  throttle  governor  employed  in  the  Willans  central  valve 
engine.  It  is  a  very  powerful  centrifugal  governor  driven  by  worm 
gearing  from  an  extension  of  the  main  turbine  shaft  at  the  auam 
end,  the  working  parts  moving  in  ball  bearings,  and  the  governor 
merely  opens  or  closes  the  admission  valve  more  or  less,  the  passage 
of  steam  into  the  turbine  being  continuous,  subject  to  the  amount 
the  valve  is  open, 

A  secondary  governor  is  arranged  in  tho  Willans  apparatus  t* 
automatically  close  tlie  throttle  valve  should  the  speed  of  I 
exceed  a  predetermined  limit.  It  should  be  mentioned  that  in 
several  forms  of  turbines,  automatic  arrangements  are  provided  for 
preventing  the  rotor  from  exceeding  its  normal  speed  by  more  thac 
10  per  cent.  It  will  be  understood  that  at  the  high  speeds  at 
turbine  rotors  run,  centrifugal  force  increases  very  rapidly,  and  thers- 
t'oro  some  provision  of  this  kind  is  necessary  to  prevent  the  apporatai 
being  wrecked. 


Lubrication  of  the  Willans-Parsons  Turbine 

In  the  Willans-Parsons  turbine  there  is  an  oil  tank  under  tto 
bearings  at  the  steam  end  as  in  the  Parsons  apparatus,  and  coniuin- 
ous  circulation  of  oil  through  the  bearings  is  maintained  by  a  rotary 
pump  driven  direct  from  the  turbine  shaft.  It  is  claimed  that  Cks 
pump,  being  always  flooded,  ensures  a  complete  supply  of  oil  tt>  all 
the  bearings  immediately  the  turbino  commences  to  move, 
pump  is  also  fitted  in  the  Willans  apparatus  by  which  the 
can  be  flushed  before  starting  tho  turbine.  It  should  be  men 
that  the  question  of  lubrication  of  the  bearings  before  starting  i>*> 
exceedingly  important  one,  and  that  great  care  must  be  exerciaed  * 
see  that  the  bearings  are  thoroughly  well  lubricated  before  the  tmbisf 
is  started. 


m  w»  *u 
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The  Brush-Parsons  Turbine 

The  Brush  Electrical  Engineering  Company,  who  have  beea 
engaged  in  electrical  work  in  the  construction  of  electricity  generato*. 
and  prime  movers  for  them,  since  the  advent  of  the  Brush  machiM 
in  the  very  early  days  of  the  electric  light,  have  taken  up  the  man*' 
facture  of  steam  turbines  on  the  lines  of  the  Parsons  apparatus.  Tba 
construction  is  very  similar  to  that  of  the  Willans-Parsons  aadtb* 
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[a  by  Mr.  Parsons'  own  company.     The  rotating  axle  is  made  of 

;ed  8 tecl,  machined  all  over,  and  the  blades  are  securely  held  in 

>ves  turned  in  the  axle.     In  large-sized  turbines  the  axle  consists 

tf  a  cast  steel  tube.     The  blades  are  of  hard  drawn  metal,  and  those 

tear  the  steam  entry  port,  which  are  exposed  to  high-pressure  steam, 

are  specially  designed  to  stand  high  temperatures. 

The  control  of  steam  to  the  turbine  is  very  similar  to  that  in  the 
ins.     There  is  an  ordinary  centrifugal  governor,  driven  by  worm 
ind  wheel    from  the  main  shaft,  controlling  a  small  steam  relay 
'tinting  an  equilibrium  valve,  which  is  opened  for  a  certain  period 
with  each  oscillation  of  the  governor.     A  separate  emergency  governor 
provided,  which  shuts  off  the  steam  when  the  .speed  exceeds  a 
si  tain  limit. 

The  bearings  are  on  the  same  lines  as  those  of  Parsons.  For  sizes 
up  to  500  K.W.  (670  H.P.)  the  bearing  proper  is  of  solid  gun-metal, 
with  a  series  of  concentric  tubes  fitting  loosely  round  it  with  oil  in 
between.  Above  500  K.W.  the  bearings  are  of  brass  lined  with  white 
metal.  The  Brush-Parsons  turbine  is  3hown  in  Plates  18a,  18d, 
and  18c. 


The  De  Laval  Turbine 

The  De  Laval  turbine  was  the  earliest  of  the  velocity  turbines. 
It  consists  of  a  disc  held  upon  an  axle  and  having  buckets  lixed  all 
round  the  edge  of  the  axle,  the  whole  being  enclosed  in  a  case.  One 
side  of  the  case  is  connected  to  a  condenser,  with  the  aid  of  which  tho 
highest  possible  vacuum  i3  obtained,  and   the  steam    is  brought  to 

»the  other  side  of  the  turbine  case  and  is  expanded  right  down  to  the 
vacuum  pressure,  and  is  allowed  to  pass  through  the  buckets  on  the 
periphery  of  the  disc  at  the  high  velocity  due  to  the  low  pressure, 
the  large  volume  of  steam  passing  from  the  other  side  of  the  disc  to 
the  condenser  and  turning  the  disc  in  the  process.  The  steam  is 
expanded  down  to  the  pressures  named  in  the  nozzles  shown   in 

(section  in  Fig.  139.  It  will  be  noticed  that  the  nozzle  gradually 
expands  from  the  throat  just  beyond  its  connection  to  the  steam 
pipe  to  the  edge  of  the  disc.  The  pressure  in  the  steam  pipe  behind 
the  nozzle  being  200  lba  per  square  inch,  the  pressure  at  the  throat 
of  the  nozzle  is  110  lbs.  per  square  inch,  this  being  the  economical 
pressure  at  that  point. 

The  volume  of  the  steam  is  now  increased  from  2*8  to  3*5  cubic 
feet  per  pound,  and  its  velocity  in  the  throat  is  1500  feet  per  second. 
At  tho  widest  part  of  the  nozzle,  where  the  pressure  corresponds 
to  28  inches  of  vacuum,  the  volume  of  the  steam  has  increased  to 
2568  cubic  feet  per  pound,  and  its  velocity  to  4127  feet  per  second. 
The  nozzle  continuously  diverges  from  the  throat,  and  the  steam  is 
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presented  to  the  wide  surface  of  the  disc  shown.  Several  nozzles  are 
fixed  to  each  turbine,  and  it  is  arranged  to  use  one,  two,  or  more 
according  to  the  power  the  turbine-  is  bo  deliver.  Further,  as  seen  in 
Fig.  139,  which  is  a  complete  section  of  the  nozzle  and  steam  entry 
valve,  the  admission  of  steam  to  the  nozzle  can  be  controlled  very 
much  as  the  admission  of  sterna  is  controlled  to  an  ordinary  steam 
engine. 

The  velocity  of  the  turbine  wheel  for  high  efficiency  should  be 
34  per  cent,  of  the  velocity  of  steam  impinging  upon  the  turbine  disc, 
the  absolute  velocity  of  the  steam  when  leaving  the  buckets  would 
then  bo  34  per  cent,  of  the  initial  velocity  of  the  steam.  It  is  found 
in  practice,  however,  impossible  to  run  the  turbine  discs  at  the  high 
speeds  demanded  by  this  law.  With  -team  entering  the  turbine  case 
at  a  velocity  of  4000  feet  per  second,  the  speed  of  the  turbine  wheel 
should   be  1880  feet  per  second  for  higher  economy.     At  present 


Fxo.  139, — Section  of  Nozzle  of  Do  Lavul  Turbine. 

however,  the  peripheral  speed  of  the  turbine  wheel  does  not 
1380  feet  per  second.  The  difference  between  the  speed  of  highest 
efficiency  and  the  highest  practical  speed  makes  a  difference  in 
theoretical  steam  consumption  of  0'7  lb.  per  horse-power.  That  is  to 
say,  with  the  turbine  wheel  running  at  the  speed  of  highest  efficiency, 
the  theoretical  steam  consumption  per  horse-power  per  hour  should 
be  91  lbs.,  and  with  the  wheel  revolving  at  1380  feet  per  second  the 
theoretical  steam  consumption  should  bo  i)*8  lbs.  per  horse-power 
hour.  These  figures  are  not  obtained  in  practice.  The  theoretical 
steam  consumptions,  it  will  be  understood,  are  never  obtained  in 
actual  practice,  but  the  above  shows  the  difference  made  by  the  speed 
of  the  turbine.  Another  point  in  connection  with  the  high  speed  of 
the  turbine  is  the  matter  of  balancing.  No  matter  how  carefully  a 
high-speed  turbine  wheel  may  be  turned  and  balanced,  it  is  practically 
impossible,  so  it  is  found  by  the  makers,  to  bring  the  centre  of  gravity 
of  the  wheel  exactly  in  the  geometrical  centre  round  which  the  wheel 
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revolves,  and  with  the  ordinary  arrangement  of  shaft,  the  vibrations 
so  caused,  increasing  as  they  would  with  the  speed,  would  render  it 
impossible  to  maintain  any  bearings,  no  matter  what  lubrication  was 
employed,  with  the  high  speeds  at  which  the  wheel  runs.  There  is, 
however,  a  peculiar  feature  about  the  apparatus  which  has  enabled 
the  difficulty  to  be  overcome.  In  place  of,  as  in  almost  every  other 
kind  of  revolving  apparatus,  arranging  for  the  shaft  upon  which  the 
turbine  wheel  revolves  to  maintain  its  axial  line  rigid,  the  shaft  is 
made  flexiblo,  by  being  smaller  than  would  be  usual  under  similar 
conditions  for  other  work.  The  vibrations  caused  by  the  out-of- 
balance  of  the  turbine  wheel  occur  with  the  flexible  shaft,  and  increase 
with  the  number  of  revolutions  of  the  wheel,  but  at  a  certain  speed, 
known  as  the  critical  speed  of  the  wheel,  the  vibrations  suddenly 
disappear  and  the  shaft  runs  smoothly  in  its  bearings.  The  inventors 
and  makers  of  the  apparatus  have  termed  the  phenomenon  "the 
settling  of  the  wheel,"  and  they  explain  by  the  fact  that  at  the 
critical  speed  the  wheel  takes  a  new  centre  of  rotation  very  near 
tu  1  he  centre  of  gravity,  the  shaft  springing  out  and  allowing  it.  It 
is  stated  tl:at  the  phenomenon  has  not  been  investigated  scientifically, 
but  the  probable  explanation  is  that,  at  tho  critical  speed,  the 
number  of  vibrations  and  the  number  of  revolutions  are  equal.  The 
following  formula  is  given  for  calculating  the  critical  speed  : — 

ft-cvq 

Where  P  is  the  force  required  to  bend  the  shaft  a  certain  distance, 
Q  is  the  weight  of  the  turbine  wheel,  and  C  is  a  constant.  It  is 
stated  that  the  critical  speed  is  from  one-sixth  to  one-eighth  of  the 
standard  number  of  revolutions  of  the  wheel. 

It  will  be  understood  that  the  speed  of  the  turbine  wheel  being 
so  very  great,  the  power  developed  in  each  individual  revolution  is 
xery  small,  and  therefore  the  size  of  the  shaft  is  enabled  to  be  small, 
jind"  the  flexibility  mentioned  is  thereby  provided  for.  Tho  shaft  of  a 
MOO  H.P.  turbine  wheel  is  only  1  fl,  inches,  and  that  of  a  150  H.l\ 
1  1  inch. 


Government  of  the  De  Laval  Turbine 

I  lie  L)e  Laval  turbine  is  governed  by  a  sensitive  centrifugal 
governor,  mouuted  horizontally  on  the  end  of  the  gear  wheel  shaft, 
with  tho  usual  revolving  balls,  opposed  by  a  spring,  and  controlling 
the  valve  through  wliich  admission  is  obtained  by  the  steam  to  the 
steam  chest,  from  which  the  nozzles  that  have  been  described  obtained 
their  supply.     The  governor  is  practically  a  throttle  governor,  and  is 


Fig.  HO.— Governor  of  De  Laval  Turbine.  B  B  are  Lhe  usual  weight*,  which 
outwards,  conipre&aing  tho  Spring  shown,  and  punning  the  Rod  G  over  to 
the  Steam  Volvo  on  the  right. 


3§Ba-~ 


Pio.  141.— Section  of  Suam  Vdrc  controlled  by  the  Govern. -i 


t*u*TK  flu.— Do  Laval  Turbine  directly  connected  to  a  60  Horse-power  Do  Laval 
Turbine  Pump,  used  lor  Boiler  Feed. 


L'latu  21b. — De  Livul  Turbinu  direct! v  connected  to  a  Do  Laval  15  llorse-powur 

Turbine  Pump.  [To  face  p.  304. 
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Stated  to  maintain  the  speed  between  full  load  and  no  load  within 
from  2  to  3  per  cent.  It  is  sbown  in  Fig,  140,  and  the  valve  it 
controls  in  Fig.  141. 


Transmitting  the  Power  of  the  De  Laval  Turbine 

Wheel 

It  will  easily  be  understood  that  at  the  very  high  speeds  at  which 
the  De  Laval  turbine  wheels  run,  which  are  given  in  the  table  below, 
that  it  is  practically  impossible  to  gear  them  directly  to  any  machine 
to  which  the  power  is  to  be  applied,  and  therefore  the  turbine  wheel 
is  always  sent  out  with  the  gearing  wheels  attached,  as  shown  in 
Fig.  142,  reducing  the  speeds  down  to  any  figure  that  may  be  desired. 
The  shaft  of  the  spur  wheel  of  the  gearing  may  carry  a  pulley  for 
driving  any  apparatus  by  belt  or  ropes,  or  it  may  be  geared,  as  shown 
in  Fig.  143,  directly  to  a  dynamo,  pump,  or  other  apparatus.  In 
Fig.  142  and  Plate  20a  the  turbine  is  shown  transmitting  power  to 
two  axles,  the  pinion  on  the  shaft  of  the  turbine  engaging  with  a 
spur  wheel  on  each  side  of  it. 

Plates  20b,  21a,  21  n,  and  22a  show  applications  of  the  De  Laval 
turbine  to  the  driving  of  various  apparatus,  and  Fig.  144  shows  the 
various  parts  of  the  turbine. 


TABLE   XXV. 

SPFWDB   OF  THK   TURBIKK    WlIKKI.S. 


Stu  Of  turbi ii" . 

MUile  dUtneUr  of 

vkMl. 

Revolutions  per  minute. 

l^rlpkar*!  ip««d. 
K«ei  pttmwoi. 

fiH.P. 

16    .. 

SO    „ 

00    „ 

100    „ 

800    ., 

Mm.      Inch*. 
100           4 

160        B 
226        8] 
300      11J 
600      19J 
760      80 

30,000 
24.000 
20,000 
16,400 
18.000 
10.600 

616 

617 

774 

646 

1116 

1378 

A  very  interesting  series  of  tests  of  a  50  1I.P.  De  Laval  steam 
pump  is  given  in  Table  XXVI.,  and  further  tests  of  De  Laval  Turbines 
with  different  loads  is  given  iu  Table  XXVI I. 
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Pio.  143.— De  Laval  Turbine  directly  connected  to  a  Turhino  Pomp, 


so 


144.— Parte  of  the  De  Laval  Turbine.     B  is  tho  Turbine  Wheel;  I  too  Noulo; 
A  the  Shaft ;  M  Gear  Wheel,  etc. 
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TABLE   XXVI. 
Results  off  Tests  with  Dx  LiY.ii.  Steam  Turbwe  Pcvpb, 


Trpe  of  tarWiie 

pump. 

Rcroln- 
llooo  per 
mlnut*. 

Height  of 

auction  iii 

f«*. 

Height  cf 

tlcltVCfT 

In  feet. 

m  ■  vm 

delrewvd 

perMOODd, 

Water 
H.P. 

Hrake 
HP 

Mc*«r 

50  H.P.  duplex 

pump  coupled 
in  parallel 

1500 

164 

164 

Gallons. 
68-6 

37-87 

603 

0-763 

60  H.P.  duplex") 
pump  coupled 
in        parallel. 
ConHtructed 
for  larger  buad 
of  water  thou 
tho  previous    , 

1600 

16-4 

•29-63 

46-8 

3866 

48-0 

0-80fi 

60  H.P.  duplex) 
pump  coupled  \ 
ia  series 

2300 

19-7 

137-fl 

123-0 

36-22 

50-8 

0-700 

20  H.P.  duplex) 
pump  coupled) 
id  series 

£316 

0-84 

86-3 

82-5 

1427 

300 

TABLE   XXVII. 
Results  op  Tests  with  De  Laval  Steak  Tdhbineb  at  Dippebest  Lcum. 


Turbine  machine. 

PrrHora  of 
admission  '    Vaeaum 
•team,       i    lochcH  of 
Pounds  per     mercury. 
*<]ii.r*hich 

Nunil..  r 

of  noxelc 

open. 

Electrical 
H.P. 

P0.Bd.0f 

electrical 
11  f,  pel 

konr. 

Remark* 

60  H.P.  turbiccf 
dynamo.      TheJ 
Lest    made    in] 
April,  1896        ( 

118-8 

118-8 

93-9 

74-0 

26-8 
26-3 
26-9 

27-5 

6 
6 
4 

3 

49'4 
40-2 
25-0 
12-7 

24-6 
26-2 
27-9 

82-6 

Work  for  con- 
densing in- 
cluded. 

100  H.P.  turbine/ 
dynamo.     The] 
teat    made    iui 
Juno,  18'J7         ( 

103-7 

108-8 
107-4 
106-7 

268 
26-4 
26-8 
27-9 

6 
3 
9 

a 

92-7 
66-6 
860 
16-6 

22-0 
22-7 
24-7 
27-8 

Work  for  con- 
densing not 
included. 
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. 


1  PrMnin  of 
•dmlwlou 

\  4CUU1U 

Number 

Brake 
HI1. 

I'ulltid*  of 

Turbin*  touhloc. 

Frtaif  {•■  t 
•quire  Inch. 

IncliraoT 

i->-ir  ,r_v. 

or  noislea 
open. 

■taut  1 ,%.- 
bran*  ILP. 

pVhMR 

K*m*rk>. 

( 

118-8 

86>J 

7 

168-0 

17-6 

Work  for  con- 

150  1U\  turbine1. 

116-9 

•.'.',■'1 

6 

138-4 

lfi-2 

denHina  not 
included. 

motor.         The  1 

1138 

26-2 

5 

1145 

17-9 

trial    made   \n\ 

1143 

26-5 

4 

68-3 

18-7 

Nov.,  1897                132-4 

270 

:(. 

64-1 

190 

(      116-2 

25-7 

2 

87-5 

22-3 

A    102-7 

27-3 

7 

BOM 

141 

Work  lor  con- 

27-6 

6 

UB-fl 

14-7 

densing  not 
included. 

300  H.P.  turbine ) 

196-3 

27  G 

5 

210-9 

14-4 

motor.         The , 

196-3 

276 

4 

172-6 

14-5 

test    made    In 

190-6 

27-8 

8 

121-6 

14-9 

Deo,,  1699 

106-8 

28-1 

a 

74-2 

17*2 

H8-8 

28-5 

1 

31-5 

21-6 

126-6 

26'98 

s 

387-45 

16-68 

Work  (or  con- 

126-4 

U  88 

7 

293-7 

15-76 

donning  not 

300  H.P.  turbine 

125  0 

27-24 

6 

2491 

15-92 

included. 

motor.        The       IU^ 

27  62 

4 

162-7 

Lfi-86 

test     made    in 

126-0 

27-91 

S 

118-9 

LfrTO 

June,  1900 

125-0 

2816 

2 

78-5 

18-00 

125-0 

28-25 

1 

804 

2L-77 

Messrs.  Greenwood  &  Batley,  the  makers  of  the  Do  Lavul  tur- 
bine, recommend  the  ejector  condenser  for  use  with  tiu-ir  apparatus, 
and  when  a  central  condenser  is  employed,  they  require  that  u 
vacuum  governor  shall  be  inserted  in  the  pipe  between  the  condenser 
and  the  turbine. 


The  Curtis  Turbine 


The  Curtis  turbine  is  a  modification  of  the  De  Laval,  arranged 
primarily  to  reduce  the  apeed  of  the  revolving  wheeL  It  consists 
really  of  several  turbines,  usually  fixed  vertically,  one  above  the 
other,  each  turbine  consisting  of  moving  and  stationary  discs,  both 
carrying  buckets  on  their  peripherics  similar  in  form  to  those  of  the 
De  Laval  apparatus.  The  separate  stages,  as  they  are  called,  are 
divided  by  diaphragms,  through  which  the  steam  passes,  each  dia- 
phragm having  a  set  of  steam  nozzles,  somewhat  similar  botbo&e  of  bhfl 
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De  Laval,  the  steam  nozzles  of  the  upper  stage,  where  the  steam  first 
enters  the  apparatus,  being  directly  in  connection  with  the  steam 
chest  The  steam  passes  through  the  buckets  of  the  upper  disc  in 
each  stage,  and  then  through  the  buckets  of  the  stationary  disc. 
I'Ymii  Fig.  145,  which  shows  two  stages,  it  will  be  seen  that  the 
steam  passes  from  the  nozzles  directly  into  the  moving  buckets, 
without  changing  its  curves  appreciably,  on  entering ;  that  it  passes 
out  as  the  buckets  move  on,  also  with  little  appreciable  change  of 
course  ;  that  on  reaching  the  stationary  buckets  it  enters  them  also 
without  changing  its  course,  bat  that  its  course  is  reversed  in 
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Fia.  145. — Section  of  Part  of  Curtis  Turbine,  allowing  two  Stages.     The  Nc 
are  shown    inclined,   the  stationary   buckets  dark    and    the    moving 
light. 


through  llie  stationary  buckets,  anil  that  it  is  then  presented  to 
moving  buckets  of  the  next  disc  in  the  proper  direction  to  enter  th< 
without  change  of  course. 

The  steam  is  brought  comparatively  to  rest  after  passing  throuj 
the  last  moving  bucket  of  each  stage  before  passing  on  to  the 
stage.     The  diaphragms  between  the  stages  an  steam-tight,  except 
where  the  nozzles  open  into  them  as  shown. 

The  early  forms  of  Curtis  turbine  were  made  with  horizontal 
shafts,  but  all  the  later  ones  have  been  made  vertical ;  and  the  usual 
arrangement  now  is:  The  turbine  is  mounted  above  the  condeiuv  r 
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Governing  the  Curtis  Turbine 


vertical  shaft  passing  through  the  whole  apparatus,  on  to  a  footstep 
bearing,  consisting  of  two  bearing  blocks,  one  of  which  rotates  with 
the  shaft,  the  other  being  fixed  to  the  foundation.  Water  is  forced 
up  through  a  hole  in  the  stationary  part  of  the  bearing  out  between 
the  two  surfaces  in  contact  in  a  thin  film,  and  it  afterwards  passes 
upwards  to  lubricate  a  guide  bearing,  and  thence  passes  into  the 

•  turbine  base,  from  which  it  is  removed  with  the  condensed  steam. 
The  water  for  the  bearing  is  supplied  by  a  small  pressure  pump  and 
hydraulic  accumulator,  the  power  used  being  stated  to  be  1  H.P.  for  a 
1000  H.P.  set.  and  2  for  a  2000  H.P.  set.  The  upper  bearings  are 
lubricated  by  a  small  oil  pump  worked  from  tho  shaft  of  the  water 
pressure  pump,  the  oil  being  returned  to  an  oil  tauk  from  the  bear- 
ings, and  used  over  and  over  again.  It  will  bo  evident  that  the 
upper  bearings  being  merely  guides,  so  long  as  the  apparatus  is  in 
balance,  lubrication  of  them  does  not  present  so  difficult  a  problem 
as  that  of  horizontal  shafts. 

The  governor  of  the  Curtis  turbine  is  practically  a  throttle 
governor  of  the  usual  centrifugal  type,  with  moving  balls,  etc.  An 
emergency  governor  is  also  provided  for  cutting  off  the  steam  if  the 

I  turbine  exceeds  a  certain  figure. 
The  governor  is  connected  to  an  electrical  controller,  which  opens 
or  closes  a  series  of  electro  magnets,  operating  pilot  valves,  uhuh 
open  or  close  the  main  steam  valves,  the  latter  being  of  the  balance 
type, 

I  Where  the  Curtis  turbine  is  employed  for  driving  dynamo 
machines,  it  is  usual  to  fix  the  dynamo  above  the  turbine,  as  shown 
in  Fig.  146,  and,  as  explained,  the  condenser  below,  the  vertical  shaft 
being  practically  continuous  throughout  tho  apparatus. 
The  makers  of  the  Curtis  turbine  recommend  surface  condensers, 
and  with  sets  of  500  K.W.  (670  H.P.)  and  upwards,  that  the  con- 
denser shall  occupy  the  space  below  the  turbine,  ihu  pumps  being 
•  worked  from  the  turbine  shaft. 
Several  claims  are  made  for  the  Curtis  turbine,  one  of  which,  in 
particular,  is  the  fact  that  very  much  smaller  floor  space  is  required. 
As  against  this,  makers  of  horizontal  turbines  and  of  reciprocating 
engines  point  out  that  the  foundations  must  be  stronger,  and  usually, 
therefore,  carried  down  much  deeper  than  is  necessary  with  horizontal 
apparatus,  either  reciprocating  or  turbine. 
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Fig.  146.— Sootional  elevation  of  Curtis  Turbine,  with  Dynamo  above  and 

Maw, 


I'lati;  22b.— A  Zoelly  Turbine,  made  by  Escher,  Wyss,  ft:  Go. 
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Test  of  a  1500  Kilowatt  Curtis  Turbo  Generator 

The  following  teat  of  a  1500  K.W.  Curtis  turbo  generator,  made 
for  the  Corporation  of  London  Electric  Supply  Company,  will 
probably  be  interesting.  The  turbines  were  of  the  four-stage  type, 
the  condenser  occupying  the  space  below  the  turbine,  and  tie 
dynamos  being  fixed  above,  the  overall  height  from  the  condenser 
base  to  the  governor  above  the  dynamo  being  19  feet  6  inches,  and 
the  floor  space  15  feet  X  14  feet.  A  portion  of  the  apparatus  was 
fixed  below  the  engine-Toom  floor,  so  that  the  height  from  the 
engine-room  floor  to  the  top  of  the  governor  was  14  feet  6  inches. 
The  condenser  was  of  the  surface  type,  and  had  a  cooling  surface  of 
4000  square  feet,  the  air  pumps  being  of  the  three-throw  type,  with 
15-inch  cylinders  by  8-inch  stroke,  driven  by  a  15  K.W.  electric 
motor.  The  centrifugal  pump  was  driven  by  a  30  K.W.  motor. 
The  turbine  footstep  bearing  was  provided  with  water  from  the  well 
at  a  pressure  of  400  lbs.  per  square  inch  by  three-row  bucket  pumps, 
driven  by  2  K.W.  motors.  The  steam  pressure  was  150  lbs.  per 
square  inch,  the  steam  was  superheated  60°  F,  and  the  vacuum  was 
29  inches,  with  a  barometer  at  30"15  inches.  The  consumption  of  steam 
was  17£  lbs.  per  K.W.  hour,  at  full  load,  and  20  lbs.  per  K.W.  hour 
at  a  third  of  full  load ;  or  12*44  lbs.  per  horse-power  hour  at  full  load, 
15  lbs.  per  horse-power  hour  at  one-third  load. 

The  steam  taken  by  the  auxiliaries  brought  the  total  consumption 
up  to  1332  lbs.  per  horse- power  hour  at  full  load.  It  will  be  seen 
that  the  Curtis  turbine,  though  it  is  strictly  a  velocity  turbine,  is  also 
partly  a  pressure  turbine,  inasmuch  as  the  expansion  of  the  steam  is 
performed  within  the  turbine  itself.  Tigs.  147  and  148  show  the 
ipparatus  tested. 

Westinghouse  Turbine 

The  Westinghouse  Company,  as  the  author  understands,  make  two 
is  of  turbines,  one  on  the  lines  of  the  Parsons  turbine,  and  as 
ide  by  the  other  makers  that  have  been  described,  and  the  other 
apparatus  which  is  a  combination  of  the  Curtis  and  Parsons  turbine. 
The  latter  form  is  fixed  at  the  Lots  Eoad  generating  station  on  the 
Metropolitan  District  Railway  in  London,  and  is  arranged  for  fur- 
nishing 5500  K.W.  (7330  H.P.)  each,  driving  three-phase  generators. 
The  turbines  are  arranged  with  their  shafts  horizontal,  and  the 
steam  is  delivered  to  the  middle  of  the  apparatus.  The  Curtis 
portion  of  the  turbine  receives  the  steam  first,  and  the  Parsons 
apparatus  afterwards.  There  is  only  one  stage  of  the  impulse 
turbine  on  each  side  of  tho  entry  port,  the  steam  entering  at  160  lbs. 
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FlO.  147.— Elevation  of  a   Part  of  sn  Electricity  Generating  Station,  with 
Turbine,  Dynamo,  Condenser,  mid  Accessories. 


L,i*.r«  In  Air  Puntp 

148.— Plan  oi  the  Portion  of  Eloctricity  Generating  Station  shown  In  Fig. 
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pressure,  and  being  expanded  down  to  GO  lbs.  before  entering  the 
pressure  turbine.  The  impulse  turbines  consist  of  nozzles  for 
expanding  the  steam,  then  rows  of  guide  buckets  and  revolving 
buckets,  the  steam  then  passing  on  to  a  receiver,  for  the  remaining 
portion  of  the  turbine,  in  which  it  is  expanded  down  to  condenser 
pressure.  There  are  in  the  pressure  portion  of  the  turbines  three 
rows  of  turbine  wheels,  with  brass  vanes,  and  with  the  usual 
*Uti<inary  vanes  between  on  each  side.  The  arrangement  enables 
the  whole  apparatus  to  be  made  very  much  shorter  for  the  power  that 
is  employed,  than  is  usual  in  the  ordinary  form  of  Parsons,  or 
impulse  turbines. 

The  difterence  between  working  with  the  condenser  and  without 
at  Lota  Eton  I  is,  the  author  understands,  60  per  cent. 


The  Rateau  Turbine 


The  Itateau  turbine,  made  by  Messrs.  Fraser  &  Chalmers,  is  also 
a  velocity  or  impulse  turbine,  but  like    the  Curtis,  it  also  has  a 


'ig.  149.— Section  of  ono  Form  of  Kateau  Turbine.     Steam  enters  on  the  left  and  U 
gradually  expanded  down,  as  it  passes  through  the  different  stages. 


number  of  moving,  and  of  fixed  elements,  the  expansion  of  the 
steam  being  performed  partly  in  the  turbine  itself.  The  apparatus 
consists  of  a  containing  cylinder,  usually  fixed  horizontally,  and 
somewhat  similar  to  those  that  have  been  described  in  connection 
with  the  Parsons  turbine.  The  moving  and  stationary  portions  of 
the  apparatus  are  also  constructed  something  on  the  lines  of  the 
Willans.  The  vanes  are  mounted  on  the  peripheries  of  steel  discs, 
ilir  moving  discs  being  fixed  directly  on.  the  axle,  and  the  stationary 
discs  being  fixed  on  the  inside  of  the  containing  cylinder,  and  closely 
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embracing  the  shaft,  which  passes  through  them  in  collars  of  anti- 
friction metal.  The  fixed  discs  are  called  diaphragms,  and  their 
office  is  said  to  be  the  distribution  of  the  steam  to  the  moving  discs. 
The  steam  passes  fust  through  the  vanes  of  the  diaphragms,  and  is 
directed  by  them  on  to  the  vanes  on  the  moving  discs,  so  that  the 
direction  of  the  steam  is  not  changed  on  meeting  them,  the  steam 
then  passing  from  the  moving  disc  to  the  vanes  of  the  next  diaphragm, 
where  its  course  is  directed  so  as  to  meet  the  vanes  of  the  iu-m 
moving  disc  in  the  proper  direction,  and  so  on.  There  is  a  distance 
of  about  A  inch  between  the  moving  and  fixed  portions  i 
Bateau  turbine,  this  construction  having  been  adopted  to  reduce 
chances  of  dangerous  friction,  and  the  possibility  of  breakdown.  It 
is  claimed  that  there  is  no  longitudinal  thrust  on  the  moving  port, 
and  therefore  there  is  no  necessity  for  apparatus  to  balance  that 
thrust.  The  Rateau  turbine  is  sometimes  made  in  two  portions,  as 
shown  in  Fig.  149,  the  high-pressure  steam  entering  at  one  end, 
as  shown,  passing  through  the  first  portion  of  the  apparatus,  which, 
it  will  be  seen,  is  divided,  very  much  as  in  the  early  Parsons  turbine, 
and  afterwards  passing  through  the  low-pressure  apparatus,  as  showu 
in  the  figure. 

The  governor  is  of  the  usual  centrifugal  type,  controlling 
admission  valve  to  the  steam  chest. 


The  A.E.G.  Steam  Turbine 


The  A.E.G.  steam  turbine  is  an  impulse  or  velocity  turbine, 
two  stages  only,  and  its  axle  runs  horizontally.  Its  construction  h 
shown  in  Fig.  150,  in  which  the  two  stages  and  the  revolving  wheels 
can  be  seen.  The  steam  enters  the  turbine  by  the  main  throitl*- 
valve,  passing  through  a  steam  separator  into  the  steam  chest,  then 
through  nozzles  of  a  form  similar  to  those  that  have  been  described 
on  to  the  first  stage  of  the  moving  buckets.  After  passing  through 
the  first  lot  of  the  moving  buckets,  it  passes  through  a  ring  of  fixed 


buckets,  its  direction  being  arranged  in  passing  through  them,  so 
to  enter  a  second  set  of  moving  buckets  at  the  proper  angle. 


'Si 

edial* 


passing  through  the  second  moving  wheel  it  enters  an  intermi 
receiver,  passing  from  thcro  through  a  second  set  of  nozzles,  and 
through  the  moving  buckets,  and  guide  buckets  of  the  second  stage. 

When  running  non  condensing,  it  is  arranged  that  only  part  of 
the  steam  enters  the  second  stage  of  the  turbine,  the  remainder  being 
exhausted  directly  to  the  atmosphere. 

The  turbine  wheels  are  constructed  of  specially  selected  steel, 
and  the  buckets  of  a  special  bronze.  The  buckets  are  dovetailed 
into  the  turbine  wheels,  and  the  turbine  casing  is  made  of  cast  iron. 
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The  s team  is  expanded  to  about  atmospheric  pressure  in  the  first 
stage,  and  down  to  condenser  pressure  in  the  second  stage. 


Fio.  150,-Soction  of  ono  Form  of  tho  A.E,G.  Stoma  Turbine. 


The  Zoelly  Turbine 

The  Zoelly  turbine  is  also  an  impulse  or  velocity  turbine,  but 
with  a  number  of  stages,  the  inventors  claiming  that  better  results 
are  obtainable  by  dividing  up  the  work  into  a  number  of  stages,  as 
it  enables  the  velocity  of  tin-  steam  to  be  reduced,  and  thereby 
reduces  the  wear  upon  the  turbine  blades.  The  Zoelly  turbine  for 
large  sizes  is  made  in  two  portions,  as  shown  in  Fig.  151  with  a 
bearing  between  the  two,  the  high-pressure  portion  being  at  one  end 
and  the  low  pressure  at  the  other.  The  whole  apparatus  is  arranged 
horizontall}',  the  turbine  wheels  rotating  in  vertical  planes.  Each 
half  of  the  apparatus  is  also  divided  longitudinally  into  two,  the 
upper  half  lifting  off,  so  that  the  wheels  can  be  got  at  for  inspection. 
There  are  tho  usual  guide  wheels,  dividing  the  turbine  up  into 
chambers,  as  in  the  Kateau  and  others  that  have  been  described. 
The  guide  wheels  consist  of  discs  fixed  to  tho  inside  of  the  containing 
cylinders,  and  with  vanes  fixed  near  their  peripheries,  for  the  guidance 
of  the  steam  in  the  usual  manner.  The  moving  wheels  or  runners 
consist  of  wrought-steel  discs,  accurately  turned  and  balanced  and 
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machined  all  over,  provided  with  a  groove  iu  their  peripheries,  in 
which  their  blades  are  fixed.     They  are  shown  in  Fig?.  152,  153. 

As  in  the  other  forms  of  impulse  turbines,  the  runners  revolve  in 
the  chambers  formed  by  the  guide  blades,  the  latter  directing  the 
steam  on  to  the  vanes  of  the  runners  in  the  proper  direction. 


Pio 


.  151— Kuciicr  of  Zoelly  Steam  Turbine,  in  Plan 
Elevation. 


LOa  -Stationary  Blade 
of  Zoolly  Turbine. 


The  clearance  between  the  rotating  aud  stationary  porta  of  the 
apparatus,  in  the  larger  sizes,  is  J  inch. 

The  bearings,  as  will  be  seen  in  Plate  22b,  are  supported  by  the 
bed  plate,  and  are  claimed  not  to  be  subject  to  heating  from  the 
steam  casing.  As  in  other  forms  of  impulse  turbines,  thu  axle  is 
supported  throughout  its  length  by  the  collars  in  the  centres  of  the 
guide-rings, 
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The  governor,  a  section  of  which  is  shown  in  Fig.  154,  consists  of 
an  oil  relay,  working  with  a  pressure  of  oil  of  90  lbs.  per  square  inch, 
which  works  the  main  steam  valve,  and  which  is  itself  controlled  by 
a  smaller  valve,  shown  to  the  left  in  the  figure,  worked  by  the  governor. 
In  the  drawing  the  governor  is  aeon  on  the  extreme  left,  with  the 
usual  balls  arranged  to  rotate  in  the  usual  manner,  and  giving  motion 
as  they  riso  and  fall  to  one  end  of  a  lever,  to  which  are  attached 
rods,  moving  the  small  controlling  valve  of  the  oil  system,  anil  iLh 
oil  relay  and  main  steam  valve.     As  the  governors  rise  and  fall, 


Pig.  154.— The  Governor  of  bbe  Zoelly  Turbine.  The  rising  aud  falling  of 
Governor  Spindle  moves  tho  Arm  of  the  Lover  shown,  up  and  down,  its  o 
Arm  working  the  Oil  Relay,  which  in  its  turn  moves  the  Valve  below. 
Transverse  Section  of  tho  Oil  Roluy  is  ahown  in  the  middle  of  tho  figure. 

is  admitted  through  the  small  controlling  valve,  to  the  oil 
lifting  it,    and  with   it  opening    the    steam  valve,   or    closing 
according  to  the  load  that  is  on  the  turbine.     The  oil,  after 
through  the  relay,  returns  to  the  oil  tank,  through  the  small 
valve,  and  is  pumped  up  again. 

The  steam  passes  continuously  into  the  turbine,  the  steam 
being  opened  to  a  certain  definite  distance,  corresponding  to  each  lc 
on  the  turbine. 

There  is  an  emergency  governor,  which  shuts  off  the  steam  if 
speed  exceeds  10  per  cen  t.  above  the  normal. 


THE   STEAM   TURBINE 


321 


There  ia  also  an  overload  valve  arranged  to  obtain  additional 
power  for  temporary  purposes,  and  to  obtain  full  power  when  the 
turbine  is  working  nou-condenaing,  by  the  admission  of  full-pressure 


steam  to  the  later  stages  of  the  turbine. 


The  Hamilton  Holzwarth  Steam  Turbine 

This  apparatus,  which  is  made  by  the  Hooven  Owens,  Rentschler 
Co.,  of  Hamilton,  Ohio,  U.S.A.,  has  certain  special  features  that  are 
of  interest.  For  apparatus  of  1000  HP.  and  upwards  the  turbine  is 
divided  into  two  portions,  for  high-  and  low-pressure  steam.  For 
apparatus  below  1000  HP.  the  turbine  is  in  one  casing.  The  turbine 
casings,  pedestals  for  bearings,  and  for  the  electricity  generator,  when 
the  turbine  is  employed  for  driving  it,  are  fixed  upon  a  bed  plate  of 
the  box  pattern,  very  much  on  the  lines  of  the  Zoeily,  and  on  the 
lints  adopted  in  the  case  of  Lancashire  mill  engines,  and  other  large 
engines  of  that  type.  All  steam,  oil  and  water  piping,  including 
the  steam  inlet  and  bye-pass  valves,  are  carried  in  the  bed  plate 
below  the  level  of  the  turbine.  A  steam  separator  is  fixed  in  the 
bed  plate,  and  the  steam  passes  through  it  to  the  main  inlet  valve, 
from  which  it  passes  through  a  regulating  valve  to  the  high-pressuie 
turbine.  The  turbine  ia  on  the  lines  of  the  Parsons,  the  stationary 
wheels  being  held  on  the  inside  of  the  cylinders,  as  usual,  and 
extending  very  nearly  to  the  axle.  The  stationary  discs  are  fixed  in 
grooves  in  the  turbine  casing,  the  vanes  being  riveted  to  the  discs, 
and  being  of  drop  forge  steel,  fixed  in  grooves,  on  the  outside  peri- 
pheries of  the  discs.  The  running  wheels  are  built  up,  it  is  claimed, 
of  great  strength.  Cast-steel  hubs  are  fixed  on  the  axle,  steel  discs 
being  riveted  to  both  sides  of  the  hubs,  forming  circumferential  ring 
spaces  in  which  vanes  are  held  by  means  of  rivets,  the  outer  edge  of 
l lie  vanes  being  held  by  a  thin  steel  band. 

The  bearings  are  of  the  ordinary  split  pattern,  lubricated  by  oil 
under  pressure.  The  governor  is  of  a  special  form,  driven  directly 
by  worm  gearing  from  the  turbine  shaft,  and  it  actuates  a  double- 
seated  poppet  valve. 

The  governor  shuts  off  the  supply  of  steam,  if  the  angular  velocity 
reaches  a  point  2J  per  cent,  above  the  normal,  and  opens  it  more  or 
less  in  proportion  to  the  steam  required  for  the  work  in  front  of  the 
turbine. 

Lubrication  Ls  very  similar  to  that  in  the  Parsons  turbine.  A 
portion  of  the  bed  plate  is  formed  into  an  oil  tank,  and  an  oil  pump, 
driven  by  worm  gearing  from  the  turbine  shaft,  forces  the  oil  through 
the  bearings,  from  which  it  flows  back  to  the  tank,  a  valve  enabling 
the  pressure  of  oil  to  be  regulated. 

Y 
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The   Forms  of   Buckets  and    Blades  of  Stej 

Turbines 

There  is  not  space  within  the  limits  of  this  book  to  give  full 
particulars  for  the  mathematical  calculation  of  the  forms,  sizes  of 
buckets  and  vanes  of  steam  turbines,  but  the  following  may  be  of 
service.  The  design  of  both  buckets  and  vanes  must  follow  certain 
lines.  One  is,  the  steam— and  the  same  rule  applies  more  forcibly  with 
water — must  impinge  on  the  bucket  or  vane  without  shock.  If  itattO 
or  water  impinges  upon  a  surface  in  such  a  manner  as  to  be  thrown 
back,  or  broken  up  by  the  impact,  a  large  portion  of  the  work  u  ;• 
capable  of  doing  is  lost,  and  therefore  all  forms  of  buckets  or  vanes 
are  designed  so  that  the  water  or  the  steam  glides  into  them,  and 
passes  through  them,  with  as  little  friction  or  shock  as  possible, 
passing  out  of  them  in  the  same  manner,  but  with  as  small  an  amount 
of  energy  remaining,  that  is  to  say,  with  as  low  a  velocity  as  possible. 
This  applies,  of  course,  where  the  whole  of  the  energy  is  to  be  taken 
out  of  a  moving  stream  of  water  or  steam  by  one  ring  of  buckets  or 
vanes.  Where  the  steam  is  to  pass  through  a  succession  of  rings  or 
buckets  or  vanes,  each  ring  is  designed  to  take  out  its  own  particular 
portion  of  energy,  passing  the  steam  on  to  the  next  ring,  and  so  on. 

In  order  that  the  steam  or  water  may  follow  the  above  rul. 
should  enter  the  bucket  or  vane  tangentially,  and  leave  it  tangential])-. 
Put  in  another  way,  the  direction  in  which  the  steam  enti-r>  we 
backet  or  vane  should  be  a  tangent  to  the  curve  formed  by  the 
bucket  or  vane  at  the  point  where  the  steam  or  water  enters,  and 
the  direction  in  which  it  leaves  the  bucket  or  vane  should  bo  a 
tangent  to  the  curve  of  ttie  bucket  or  vane  at  the  point  of  exit-  It 
must  not  be  forgotten,  of  course,  that  the;  bucket  and  the  vane  are 
both  moving,  and  that  the  line  of  the  curve  of  either  is  not  the  same 
when  the  steam  or  water  enters,  as  it  is  when  it  leaves.  Th6M 
have  all  to  be  calculated,  or  set  off  by  graphic  methods. 

Another  point  in  connection  with  both  water  and  steam  is, 
mentioned  above,  the  velocity  or  the  energy  possessed  by  the  at 
on  leaving  should  be  as  small  as  possible.  On  the  other  Ii  i 
certain  amount  of  energy  is  necessary  to  be  left  in  the  case  of  water, 
or  it  cannot  get  away  from  the  turbine  wheel;  and  in  the  case  of 
steam,  a  certain  amount  of  energy  remains,  because  the  whole 
the  energy  canuot  be  taken  out  of  the  steam  by  any  know  n 


Turbines   Working  with    Exhaust  Steam 

To  Professor  Bateau  is  due  the  credit  of  the  idea  of  won 
steam  turbines  by  the  exhaust  steam  from  engines  that  are  worl 
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iiitonnitiontly,  such  as  the  winding  engines  at  collieries,  the  rail-mill 
engines  at  iron  works,  and  others ;  but  other  makers  of  turbines  have 
taken  up  the  idea,  and  there  is  no  reason,  so  far  as  the  author  is 
aware,  that  any  one  of  the  turbines  on  the  market  should  not  bo 
applied    to   the  same  use,  provided   thnt   proper  arrangements  are 


**'«r  irtit 


^10.  166.— One  form  of  Professor  Ratcau's  apparatus  for  storing  the  boat  from  tho 
Exhaust  Steam  ol  irregularly  running  Engines,  for  uho  in  Turbines.  The  Cast- 
iron  Traps,  shown  on  the  right,  are  held  inside  the  Vortical  Cvlinder,  shown  on 
the  left. 


made.  The  Zoelly  turbine,  for  instance,  has  been  adopted  for  work 
of  the  kind  at  Rombach  near  Metz,  where  two  900  B.H.P,  turbines 
ore  running  electricity  generators,  fed  with  exhaust  steam. 

The  reason  of  the  adaptability  of  turbines  for  working  with 
cxhnust  steam,  is  the  fact  pointed  out  several  times  already,  that 
the  largest  portion  of  their  work  is  obtained  on  the  lower  part  of 
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the  steam  scale.     As  the  exhaust  steam  from  intermittently  working 
engines  is  irregular,  it  is  necessary  that  some  arrangement  sliall  be 

Srovided  for  storing  the  steam,  or  the  heat  present  in  the  steam, 
uring  the  times  of  large  exhaust,  so  that  the  surplus  at  those  times 
can  be  utilized  to  make  up  for  the  deficiency  during  the  times 
the  engines  (ire  standing.  The  turbines  can,  of  course,  be  employed 
for  working  with  exhaust  steam  from  regularly  running  engines,  indfa 
as  fun  engines,  the  blast  engines  of  blast  furnaces,  and  others ;  and  it 
is  a  question,  in  those  cases,  whether  more  is  gained  by  employing 
the  exhaust  steam  in  a  turbine,  or  sending  it  to  the  condenser  directly 
Where  condensation  is  not  practicable  from  one  of  the  causes  tbat 
have  been  mentioned,  there  can  be  hardly  any  doubt  of  the 
of  utilizing  the  exhaust  iu  a  low-pressure  turbine. 

Professor  Rateau  has  worked  out  several  methods  of  storing 
heat  of  the  surplus  steam,  some  of  which  are  shown  iu  Figs.  155  and 


onnsr  tb« 


Fig.  156. — Another  form  of  Rateao'a  He  at- storage  Apparatus.     The  Steam 
into  the  Water  surrounding  the  Elliptical  Pipes  shown,  through 
Pipes,  causiug  circulation  of  the  Water,  etc. 

156.     The  apparatus  are  really  heat  accumulators,  and  the  arrange- 
ments are  all  designed  to  store  the  whole  of  the  surplus  heat  coming 
over  in  the  exhaust  steam,  and  to  give  it  up  readily  when  the  <*r 
from  which  the  exhaust  is  taken,  ore  standing.     One  form  codm 
a  number  of  cast-iron  tray3,  with  water  in  them,  standing  in  a  \ 
cylindrical  chamber.     This  arrangement  is  shown  in  section  in  Fig. 
155.     The  exhaust  steam  enters  at  the  bottom  of  the  apparatus,  MB 
the  steam  that  is  required  for  the  turbine  that  is  working  from  it 
leaves  at  the  top.    Water  is  supplied  to  the  apparatus,  when  reanii 
by  the  pipe  shown,  and  can  be  run  off  as  required. 

Another  arrangement  consists  of  a  cylindrical   shell,   such 
that  of  an  old  Lancashire  boiler,  usually  fixed  horizontally, 
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filled  with  old  iron  rails.  The  exhaust  steam  from  the  eu_ 
enters  the  old  boiler,  as  in  the  other  case,  passing  out  at  the 
opposite  end  to  the  turbine,  and  any  steam  that  is  not  required  for 
the  turbine  gives  up  its  heat  to  the  iron  rails.  In  another  method,  one 
or  more  cylinders  are  arranged  horizontally,  about  two-thirds  full  of 
water,  and  have  elliptical-shaped  pipes,  as  shown  in  Fig.  156,  arranged 
inside  of  them,  very  much  on  the  lines  of  the  flues  of  a  Lancashire 
boiler,  the  pipes  being  pierced  with  a  large  number  of  holes.  The 
exhaust  steam  passes  into  these  pipes,  and  from  thern  to  the  turbine, 
a  quantity  of  the  steam,  however,  passing  out  through  the  holes  in 
the  pipes,  and  causing  a  violent  circulation  of  water  within  what  is 
practically  a  steam  boiler. 

In  either  arrangement  the  heat  is  stored  in  the  water  or  the  iron, 
the  temperature  of  the  water  and  the  iron  being  raised  in  consequence, 
and  the  water  being  prevented  from  evaporating  by  the  steam  pressure 
within  the  accumulator,  so  long  as  there  is  plenty  of  steam  to  feed 
the  turbine.  When  the  supply  of  steam  from  the  exhaust  of  the 
engines  fail3,  the  pressure  of  the  steam  within  the  accumulator  being 
lowered,  the  temperature  of  evaporation  of  the  water  is  also  lowered, 
as  explained  in  Chapter  L,  steam  comes  away,  passes  to  the  turbine, 
and  provides  the  necessary  supply  to  keep  it  running. 

It  will  be  evident  that  it  is  not  possible  to  obtain  the  full  value 
of  the  whole  of  the  exhaust  steam,  since  some  mnst  be  kept  for 
storage,  but  a  large  percentage  is  obtained, and  results  inconsiderable 
economy.  The  apparatus  has  been  applied  to  several  ooulsriu  and 
iron  works  on  the  Continent,  and  to  a  few  collieries  iu  tho  United 
Kingdom.  The  impulse  turbine  of  Professor  Rateau  is  claimed  to  be 
better  for  this  purpose  than  the  pressure  turbine  of  tho  Parsons  type, 
but  it  appears  to  the  author  that,  providing  the  turbine  is  constructed 
for  the  lower  pressures,  either  apparatus  should  answer  equally  well. 

An  adjunct  of  the  arrangement  that  has  been  adopted  in  some 
cases,  is  a  connection  to  the  boiler  furnishing  steam  for  the  engines, 
the  steam  from  the  boiler  being  automatically  turned  on  to  tho 
turbine,  should  the  quantity  of  steam  available  in  the  accumulator 
fall  below  a  certain  figure.  The  arrangement  includes  a  thermostat 
working  a  differential  valve,  the  valve  remaining  closed  so  long  as 
the  pressure  on  the  turbine  side  of  it  reaches  a  certain  figure,  fit. 
that  sufficient  to  keep  the  turbine  going.  Should  the  pressure  tin 
the  turbine  side  of  tho  differential  valve  be  lowered  to  such  a  point 
that  the  turbine  would  tend  to  slow,  the  differential  valve  00104 
operation,  and  opens  tho  connection  directly  to  the  boiler,  the  turbine 
then  working  directly  with  live  steam  until  the  accumulator  lias 
sufficient  storage  to  keep  it  going.  It  is  a  question  whothv  It 
is  more  economical  to  work  the  arrangement  in  this  manner.  Hy 
the  aid  of  the  supply  from  the  boiler,  the  heat  accumuliiuir  cuu  M 
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of  smaller  size  than  when  it  is  to  provide  the  whole  of  the  steam 
required,  and  the  whole  of  the  exhaust  steam  can  be  used.  It  is 
again  a  question  of  the  balance  sheet,  as  iu  all  these  cases.  There 
is  the  cost  of  the  additional  steam  taken  from  the  boiler,  the  interest 
ou  the  additional  apparatus  required,  the  cost  of  looking  after  the 
apparatus,  as  against  the  cost  of  the  additional  size  of  the  accumulator. 
It  appears  to  the  author,  also,  that  Mr.  Druitt  Hatpin's  system 
of  thermal  storage  should  be  applicable  in  this  case.  Mr.  Halpin's 
apparatus  consists  of  a  boiler  shell,  without  tubes  or  furnaces,  partially 
filled  with  water,  the  exhaust  steam  or  the  surplus  live  steam  from 
an}'  boiler  plant  being  taken  to  the  thermal  storage  tank,  where  it 
is  turned  into  the  water,  beating  it  to  a  temperature  corresponding  to 
that  of  the  steam,  the  water  being  used  afterwards  for  feeding  the 
boilers.  It  will  be  obvious  that  the  same  arrangement  as  rules  with 
Professor  Rateau's  apparatus,  would  rule  in  Mr.  Halpin's,  if  proper 
arrangement  is  made.  There  is  always  a  steam  space  within  the  boiler 
shell,  as  in  Professor  Rateau's  arrangement,  and  it  should  be  easy 
to  take  steam  from  the  thermal  storage  tank  in  place  of  water.  As 
tin  water  would  be  raised  to  a  temperature  considerably  above  that 
of  the  low-pressure  steam  employed  in  the  velocity  turbine,  this,  it 
appears  to  the  author,  should  be  able  to  be  obtained  by  any  arrange- 
ment providing  for  storage  of  steam  and  water,  in  which  the  tempera- 
ture of  the  water  was  rawed  above  the  ordinary  temperature  at  which 
steam  evaporates  under  ordinary  atmospheric  pressures. 


Turbines  and  Condensing 

ks  explained  in  Chapter  i.(  the  heat  that  can  be  extracted  from 
the  steam  is  as  large  between  the  ordinary  atmospheric  pressure  and 
29-inch  vacuum,  as  between  a  pressure  of  83  lbs.  absoluto  and  atmo- 
spheric pressure.  In  reciprocating  engines,  as  explained,  the  full 
steam  scale  cannot  be  utilized,  because  the  volume  of  the  steam 
increases  so  very  rapidly,  after  atmospheric  pressure  is  passed,  and 
particularly  on  the  lower  portions  of  the  scale,  that  the  engine  cylinders 
to  make  use  of  it  would  have  to  be  so  very  large  that  the  advantage 
would  be  lost.  In  reciprocating  engines,  25-inch  vacuum  is  the  limit 
at  which  condensation  is  economical,  and  then  only  providing  the  other 
points  that  have  been  mentioned  are  favourable.  With  turbines, 
however,  it  is  a  very  simple  matter  to  increaso  the  size  of  the 
cylinder  in  which  the  turbine  revolves,  and  the  turbine  rotor,  and 
therefore  the  steam  can  be  utilized  at  as  low  a  pressure,  and  as  largo 
a  volume,  as  can  be  obtained.  Hence,  condensing  is  of  great  import- 
ance in  steam  turbino  work,  because,  as  will  be  seen,  the  larger 
portion  of  the  work  is  done  by  the  steam  at  below  atmospheric 
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pressure.  The  advantages  of  high  vacua  with  steam  turbines  have 
been  questioned  by  reciprocating  engine  builders,  because  o 
increased  quantities  of  cooling  water  that  are  required.  This  is  d* 
with  in  the  chapter  upon  condeusers.  It  may  be  mentiou<'d.  Ik 
ever,  that  Mr.  Parsons  claims  that  while  there  is  a  gain  of  4  per  c« 
by  the  higher  vacua  obtained  by  his  special  apparatus,  the  cost 
obtaining  the  vacua  is  only  1  per  cent,  of  the  total  output. 


un- 


Turbines  and  Superheated  Steam 

The  question  of  superheated  steam  has  beeu  fully  dealt  with 
a  previous  part  of  the  book,  but  more  particularly  with  n 
reciprocating  engines.  The  conditions  ruling  with  steam  turla 
ore  quite  different,  as  explained,  to  those  ruling  in  recipru* 
engines,  and  there  should  be  no  cylinder  condensation,  or  any  thin 
corresponding  to  it.  The  containing  cylinder  of  the  turbine,  m 
once  wanned  up  by  the  entering  steam,  remains  at  a  certain  tompe 
ture,  corresponding  approximately  to  the  temperature  of  the 
that  is  passing  through  it,  and  there  should  be  no  tendency  for  any 
portion  of  the  steam  or  vapour  to  condense,  by  coming  in  contact 
with  metals  at  a  lower  temperature.  On  the  other  hand,  horn 
superheating  of  steam  is  a  distinct  advantage  with  steam  turbines, 
but  mainly  for  another  reason.  Even  with  steam  turbines  having 
all  their  parts,  while  working,  at  certain  definite  temperature 
better  for  the  steam  to  enter  dry,  without  the  vapour  it  brings  over  from 
the  boiler,  as  water  loose  in  any  steam  system  is  always  troublesome. 
In  addition  to  that,  however,  superheated  steam  has  a  distinct 
advantage  over  saturated  steam,  in  that  it  does  not  so  readily  part 
with  its  heat  to  the  objects  with  which  it  comes  in  contact,  as  the 
blades  of  the  turbine,  the  blades  or  buckets  or  diaphragms 
turbine,  the  containing  cylinder,  etc.  According  to  Professor 
the  great  authority  on  refrigeration,  superheated  steam  has  a 
tendency  to  port  with  its  heat  to  objects  with  which  it  cornea  in  con 
than  saturated  steam,  in  the  proportion  of  one  to  forty ;  hence 
use  of  superheated  steam  is  a  distinct  advantage.  In  addition,  there 
very  little  trouble  in  arranging  that  the  working  parts  of  the 
turbine  that  are  exposed  to  the  high  temperatures  of  super 
steam,  shall  be  able  to  withstand  those  temperatures.  Further, 
no  lubrication  is  necessary  on  the  inside  of  the  steam  turbine  case, 
such  as  is  necessary  in  the  reciprocating  engine,  to  overcome 
friction  of  the  piston,  the  problem  of  a  lubricant  to  stand  the 
temperatures  which  arises  in  connection  with  the  lubrica 
reciprocating  cylinders  in  which  superheated  steam  is  employ 
not  arise  here. 


Plate  23a.    Complete  Gontmilo  (     . 


Plate  23b.— Contraflo  Condenser,  with  Air  Pump. 
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Incidentally  it  may  be  mentioned,  that  it  is  claimed  for  steam 
turbines,  that  the  exhaust  steam  is  not  contaminated  with  oil  from  the 
steam  turbine,  as  it  is  from  the  cylinder  of  a  reciprocating  engine, 
and  therefore  can  be  used  for  feeding  the  boilers  without  the  use  of 
oil  separators.  It  is  stated  even  that  the  condensed  water  from  the 
exhaust  of  steam  turbines  is  used  for  certain  purposes  where  distilled 
water  is  usually  employed. 


CHAPTER  VI 
CONDENSING  PLANT 


The  Condenser 

The  condenser  is  the  apparatus  in  which  the  steam  which  has  done  it 
work  in  the  engine  or  the  turbine  is  reconverted  into  water,  and  it  is 
of  very  great  importance  in  the  economy  of  steam  working.  Aa  was 
described  in  connection  with  the  working  of  reciprocating  steam 
engines,  after  the  piston  has  completed  its  stroke,  and  when  the  stt 
enters  on  its  other  side  to  cause  it  to  make  its  return  stroke, 
steam  which  remains  in  the  cylinder  from  the  previous  stroke  ofi 
a  certain  resistance  to  the  return  of  the  piston,  this  being  known 
back  pressure.  Where  the  steam  is  allowed  simply  to  discharge  inl 
the  atmosphere,  this  back  pressure  will  be  that  of  the  atmorofai 
plus  something  in  addition,  the  unused  pressure  of  the  steam 
the  liack  pressure  gradually  decreasing  as  the  steam  geta  away, 
can  be  seen,  however,  that  even  if  the  steam  offers  no  back  pressure 
to  the  piston,  if  the  atmospheric  pressure  or  a  portion  of  it  can 
removed,  the  work  the  piston  is  enabled  to  do  at  each  stroke 
increased,  and  this  is  what  is  accomplished  by  condensing,  the 
pressure  in  front  of  the  piston  being  reduced  in  the  latest  modern 
plants  to  as  low  as  I  lb.  per  square  inch. 

With  steam  turbines,  also,  as  explained,  a  largely  increased  dul 
is  obtained  by  lowering  the  pressure  nt  the  exhaust,  and  allowing 
larger  range  of  the  heat  scale  to  he  used. 

To  accomplish  this  the  heat  must  be  removed  from  the  steal 
and  the  steam  reconverted  to  uaAcr.  It  will  he  remembered  that  tl 
euorgy  present  in  the  steam  is  proportional  to  the  heat  that  has  bt 
delivered  to  it,  and  that  as  the  steam  expands,  doing  work  on  the 
piston,  or  on  the  turbine,  its  temperature  lowers,  but  even  when  tho 
pressure  is  lowered  to  the  very  low  figures  mentioned  above,  the  steain 
still  contains  a  large  quantity  of  heat  in  the  latent  form,  and 
must  be  removed  before  it  can  be  reconverted  to  water. 

The  condenser  is  practically  the  reverse  of  the  steam  feed-wai 
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heater.  In  the  feed-water  heater,  it  will  be  remembered,  the  heat  of 
the  steam  is  possed  to  the  water  through  pipes,  or  directly,  the  tem- 
perature of  the  water  being  raised  for  the  purpose  of  feeding  the 
boiler.  In  tho  condenser  the  heat  of  the  steam  is  again  passed  to 
the  water,  the  temperature  of  which  is  rained,  but  it  is  for  the 
purpose  of  condoling  the  steam  and  of  depriving  it  of  all  its 
latent  heat. 

Forms  of  Condenser 

There  are  three  forms  of  condenser,  known  respectively  as  the 
■  Surface  condenser,"  the  "  Jet  condenser/1  and  the  "  Ejector  con- 
denser." . 


The  Surface  Condenser 

are  two  forms  of  surface  condenser,  the  "  enclosed  "  and 
the  "  evaporative/'  The  enclosed  surface  condenser  is  practically  the 
reverse  of  the  enclosed  feed-water  heater,  is  constructed  on  very  much 
the  same  lines,  and  is  sometimes  combined  with  it.  There  is  an 
iron  box,  which  may  l>e  of  nny  convenient  form,  cylindrical  or 
rectangular  in  section,  the  cylindrical  form  is  a  favourite ;  and  there 
Hre  tube  plates  at  each  end  of  the  box,  arranged  to  hold  the  ends 
of  the  tubes,  which  are  of  brass  or  gun-metal,  according  to  the  fancy 
of  the  maker,  and  the  water  with  which  it  is  likely  to  have  tu  deal. 
The  water  enters  at  one  end  of  the  box,  passes  through  the  tubes, 
aud  out  at  the  other  end,  the  shuin  entering  somewhere  near  the 
middle  of  the  box  on  one  side,  passing  over  the  outer  surface  of  the 
tubes,  and  out  at  the  other  side,  the  steam  bein#  condensed  to  water 
in  the  process,  and  being  drawn  off  by  the  air  pump,  as  will  be 
explained. 

As  with  feed-water  heaters,  the  reverse  of  this  arrangement  some- 
times holds,  the  steam  passing  through  tho  tubes,  and  the  water  pass- 
ing on  the  outside,  but  the  more  frequent  arrangement  is  for  tho 
water  to  pas3  through  the  tubes. 

Two  pumps  are  required  to  complete  the  surface  condenser  plant, 
in  addition  to  the  apparatus  just  described,  a  pump  to  circulate  the 
cooling  water  through  the  tubes,  and  a  pump  to  withdraw  the  con- 
densed steam,  and  the  air  which  comes  over  with  the  steam  from  the 
body  of  the  apparatus.  The  latter  is  called  the  air  pump,  and  it  U 
of  the  utmost  importance  that  it  shall  be  thoroughly  efficient.  In 
fact,  the  extraction  of  the  air  from  the  space  in  which  the  steam  ia 
condensed  forms  one  of  the  greatest  dilliculties  in  the  matter  of  con- 
deusation,  especially  with  very  low  pressures,  or,  as  it  is  usually 
expressed,  high  vacua.     Mr.  Charles  Parsons,  who  has  worked  at  the 
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problem  in  connection  with  his  steam  turbine,  has  found  that  llic 
presence  of  air  in  the  condenser  "  blankets  "  the  particles  of  steam, 
as  he  expresses  it..  That  is  to  say,  particles  of  air  surround  particles 
of  steam,  and  prevent  the  transmission  of  heat  from  the  steam  to  ihe 
cooling  water,  or  cooling  surface,  and  thereby  increase  the  difficulty 
of  the  formation  of  the  vacuum. 

It  will  be  remembered  that  at  atmospheric  pressure  the  steam 
has  a  pressure  of  147  lbs.  to  the  square  inch,  and  by  the  action  of  an 
efficient  condenser  this  prossuro  is  gradually  reduced  to,  in  the  cases 
of  very  efficient  apparatus,  as  low  as  1  lb.  per  square  inch.  As  the 
pressure  of  the  atmosphere  balances  the  pressure  of  steam  at  atmo- 
spheric pressure,  and  as  the  pressure  of  the  atmosphere  is  measured 
by  the  column  of  mercury  29*96  inches ;  as  the  pressure  of  steam  is 
lowered,  the  column  of  mercury  that  it  would  balance  is  also 
lowered,  and  it  is  usual  to  express  the  work  done  in  a  condenser  in 
terms  of  inches  of  vacuum.  Thus,  if  the  whole  of  the  pressure 
the  steam  can  be  removed,  the  vacuum  would  be  expressed  ■ 
inches  at  sea  level.  On  the  other  hand,  the  gradual  lowering  of 
pressure  is  expressed  by  gradual  increase  of  the  vacuum  in  inch 
Thus,  it  is  usual  to  talk  of  10  inches,  20  inches,  25  inches  of  Ti 
and  so  on,  29*9G  inches  being  the  highest  possible  under  normal  con- 
ditions at  sea  level,  and  29  inches  being  practically  the  high 
vacuum  that  lias  yet  been  obtained  in  ordinary  work.  Twenty-fi 
inches  was  considered  a  high  vacuum  with  reciprocating  Bnginfl^  El 
corresponding  approximately  to  a  lowering  of  the  pressure  of  bhfl 
steam  by  12i  lbs.  per  square  inch ;  but  since  the  advent  of  the  turbine, 
and  the  improvements  that  have  been  made  in  apparatus  for  pro- 
ducing good  vacuum  by  Mr.  Parsons  and  others,  28J  inches  is  v 
common. 

In  the  production  of  a  good  vacuum  the  air  pump  plays  a  ve 
important  part  indeed.     The  usual  form  of  the  air  pump  is  described 
later.     If  the  air  pump  does  not  pull  out  all  the  air  as  well  as  tlw 
condensed  steam,   the   vacuum  is  not  as  perfect  as   it   otherwise 
would  be. 

The  circulating  pump  is  also  of  considerable  importance,  thou 
it  is  necessarily  much  simpler  than  the  air  pump.  It  will  be 
stood  that  in  order  to  extract  the  heat  from  the  steam  it  is  ne 
to  pass  a  certain  quantity  of  water  through  the  condenser,  and 
the  quantity  of  water  required  will  depend  inversely  upon  its  own 
temperature  and  directly  upon  the  inches  of  vacuum  required,  the 
quantity  increasing  very  rapidly  with  high  vacua,  as  explained  mors 
fully  on  pages  351,  ct  a$q.  It  will  bo  understood  that  the  cooling 
water  can  only  be  raised  to  a  certain  temperature  in  its  passage 
through  the  condenser.  In  practice,  150J  F.  is  usually  the  limit, 
though  on  occasion  cooling  water  is  sometimes  raised  to  us  much  as 


:: 
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175a  F. ;  but  it  is  not  economical  to  do  bo.  This  being  so,  and  as 
every  gallon  of  water  absorbs  10  beat  units  for  every  degree  F.  of 
increase  of  temperature,  it  will  bo  evident  that  the  lower  the  tempera- 
ture at  which  the  water  enters,  the  smaller  will  lie  the  total  quantity 
required.  Thus,  with  the  water  at  50°  F.,each  gallon  passed  through 
the  condenser  should  absorb  1000  heat  units,  while  if  only  water  of 
100°  is  available,  each  gallon  will  only  absorb  500  units,  and  double 
the  ([imntity  must  be  employed.     Hence  will  be  seen  the  reason  for 


Fia.  168.— Sectional  drawing  of  Surface  Coadonner  and  Cooling  Tower,  with  Accessories. 

employing  cooling  towers  and  other  apparatus  for  the  circulating 
water. 

As  explained  in  dealing  with  the  heating  of  feed  water,  the  cool- 
ing water  from  the  condenser  is  frequently  used  for  the  boiler  feed, 
since  it  is  not  impregnated  with  oil,  etc.,  but  this  can  only  be  where 
cooling  water  is  plentiful,  as  whore  tho  boiler  is  fixed  close  to  a  river 
or  canal,  from  which  unlimited  water  may  be  taken.  In  a  great 
many  instances,  unfortunately,  water  is  very  expensive,  so  expensive 
in  some  cases  that  the  saving  in  coal  from  the  lowered  pressure  in 
front  of  the  piston  is  more  than  balanced  by  the  cost  of  the  water  and 
other  expenses  for  cooling.  In  these  cases,  where  condensation  is 
carried  out,  some  form  of  cooling  appliance  i9  employed,  the  cooling 
water  being   used   over  and  over  again.     Fig.  158   is   a  sectional 
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drawing  of  a  surface  condenser  with  a  cooling  tower.    The  quantities 
of  cooling  water  employed  with  the  ordinary  conden  giv 

further  on. 


The  Evaporative  Surface  Condenser 


■ 


In  the  evaporative  condenser  the  property  possessed  by  air  of 

absorbing  the  vapour  of  water  is  made  use  of  to  reduce  the  quantity 

of  the  cooling  water.     In  this  apparatus  the  steam  to  be  ■  ondensed 

passes  through  a  grid  of  pipes,  as  shown  in  Fig.  159,  which  is  one  of 

■  ipuratfcre  QOnaonflGBfl,  wul  a  stream  ofwatea  is  made 


Fig.  159.— Led  ward's  Kvaporativc  Surface  Condenser.    S  is  the  Exhaust  Stoam  Pipe; 
W  the  Cooling-waU-r  Pipe;  C  the  Condensed  Steam  Pipe. 

trickle  down  over  the  outside  surface  of  the  pipes,  the  steam  being 
condensed  on  the  inside,  and  being  withdrawn  by  the  air  pump,  as  iu 
the  enclosed  surface  condenser.  The  usual  arrangement  is:  A  pipe 
having  perforations  on  its  under  side  is  fixed  above  each  of  the  rows 
of  pipe  forming  the  grid,  nnd  a  trough  is  fixed  below  the  whole  of  the 
grid3,  so  ns  to  catch  all  the  water  that  is  not  evaporated,  after  it  has 
passed  over  the  pipes.  The  water  is  forced  out  of  the  perforata 
the  upper  pipe  in  the  form  of  very  tine  jeta,  and  it  is  made  to  trickle 
over  the  outside  of  the  condenser  pipes  iu  a  very  thin  stream,  so  that 
it  may  be  cxposod  to  the  full  action  of  the  atmosphere.  The  cooling 
action  is  twofold.  The  water  absorbs  a  certain  quantity  of  hi-at 
from  the  pipes  over  which  it  passes  in  raising  its  own  temperature, 
but  a  very  much  larger  quantity  of  heat  is  extracted  from  the 
and  through  it  from  the  pipes,  and  thence  from  the  steam  by  (be 
evaporation  of  a  small  quantity  of  the  cooling  water.     Each  p 
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of  water  in  forming  vapour  will  absorb  in  the  neighbourhood  of  900 
units,  and  this  is  taken  almost  entirely  from  the  pipes  and  the  con- 
densed steam,  hence  the  quantity  of  water  required  is  very  much  leas 
than  with  the  enclosed  form.  The  cooling  effect  of  the  evaporative 
roink-nser  depends  upon  the  temperature  at  which  the  water  is  first 
delivered  to  the  pipes,  also  upon  the  temperature  and  degree  of 
humidity  oi  tin.'  atmosphere,  and  upon  the  force  of  the  wind.  It  is 
usual  to  fix  evaporative  condensers  in  positions  where  the  pipes 
and  the  water  will  feel  the  force  of  auy  wind  that  may  be  blowing, 
but  so  that  the  water  will  not  be  blown  away  to  any  extent.  The 
cooling  eft'ect  of  the  water  itself,  by  reason  of  its  rise  of  temperature, 
forms  only  a  small  portion  of  the  total  cooling.  The  cooling  effect  of 
the  evaporation  depends  upon  the  humidity  of  the  atmosphere,  as 
explained  in  Chapter  L,  upon  the  tension  of  the  vapour  issuing  from 
the  water,  and  upon  that  present  in  the  atmosphere.  The  ability  of 
the  atmosphere  to  absorb  moisture  increases  with  the  temperature, 
as  already  explained  in  Chapter  I. ;  but,  on  the  other  hand,  the 
atmosphere  is  often  so  full  of  moisture  on  the  days  that  We  call 
muggy,  that  it  is  unable  to  absorb  any  more,  In  those  cases  there 
may  be  even  deposit  from  the  atmosphere  in  the  cooling  water.  The 
action  of  the  wind  has  a  most  important  bearing  upon  the  quantity 
of  water  required,  because,  it  will  be  understood,  each  cubic  foot  of 
air,  at  a  certaiu  temjierature  and  a  certain  humidity,  is  able  to  absorb 
n  certain  quantity  of  vapour,  and  therefore  the  rapid  passage  of  an 
air  current  across  the  grid  of  pipes  over  which  the  water  is  passing 
increases  the  cooling  effect  due  to  the  atmosphere  alone.  The  author 
has  been  told  of  cases  of  evaporative  condensers  exposed  to  cold 
winds  where  the  cooling  water  was  colder  after  it  had  passed  over 
the  condenser  than  before  it  was  delivered  to  it. 

The  quantity  of  water  used  with  evaporative  condensers  varies 
from  fifteen  times  the  weight  of  steam  condensed  with  dry,  warm  air, 
such  as  would  rule  in  parts  of  America  and  Canada  during  the 
summer,  to  forty  times  with  very  muggy  air.  A  certain  quantity 
of  the  cooling  water  is  lost  by  evaporation,  the  amount  varying 
with  the  conditions, 


Fraser's  Evaporative  Condenser 

This  is  an  apparatus  in  which  the  principle  of  cooling  by  evapora- 
tion is  carried  out  in  a  novel  manner.  The  apparatus  is  enclosed  in 
place  of  being  open  to  the  atmosphere,  as  in  the  case  of  the  evaporativu 
condensers  described  above.     The  pipes  through  which  the  steam 

js  are  fixed  inside  a  case,  arranged  in  a  stack  in  the  usual  way. 

Boding  water  is  pumped  to  the  top  by  a  centrifugal  pump,  and 
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is  discharged  over  the  top  of  the  condenser  tubes  by  spraying  nozzles 
1  inch  in  diameter,  the  water  falling  over  the  outside  of  the  tubes  as 
in  other  forms  of  evaporative  condenser;  but  in  place  of  depending 
upon  atmospheric  air  for  the  evaporation,  fans  are  fixed  at  the  base 
of  the  apparatus,  and  these  drive  a  current  of  air  up  through 
the  tubes,  meeting  the  spray  of  water  descending  over  them,  and 
causing  evaporation  in  the  same  manner  as  in  the  open  evapo- 
rating condenser.  It  is  claimed  that  this  arrangement  is  un 
improvement  on  the  open  evaporative  condenser,  a3  the  tubes  are  Dot 
exposed  to  the  dust,  etc.,  that  is  in  the  atmosphere,  aud  that  is  oftea 
deposited  upon  them,  leading  to  the  formation  of  a  scale  that  resists 
the  passage  of  heat  through  them,  in  the  same  manner  as  lias  been 
explained  in  connection  with  boiler  tubes.  The  tubes  are  of  brass, 
j-inch  external  diameter,  similar  to  those  employed  in  marine  con- 
densers, fixed  in  tube  plates  by  brass  ferrules  and  tape  packing ;  and 
it  is  claimed  that  the  expansion  and  contraction  of  the  tubes  causes 
any  scale  that  is  formed  upon  them  owing  to  hardness  of  water,  to 
crack  and  be  thrown  off,  leaving  the  tubes  clean.  It  is  also  claimed 
that,  being  enclosed,  this  condenser  is  not  affected  by  the  direct  rays 
of  the  sun,  nor  by  winds,  and  is  comparatively  independent  of 
variable  atmospheric  conditions.  It  is  also  claimed  that  the  power 
required  to  drive  the  fans  is  very  small,  as  very  little  obstruction  is 
caused  by  the  water  falling  over  the  tubes,  the  water-gauge  being,  it  m 
stated,  under  2J  tenths  of  an  inch ;  and,  further,  that  the  condenser 
does  not  make  itself  a  nuisance  in  the  neighbourhood  by  throwing 
out  spray. 

In  connection   with    this  condenser  a  double-acting  air  paean 
specially  designed,  is  employed. 


The  Wheeler  Surface  Condenser 


In  the  Wheeler  condenser,  a  sectional  drawing  of  which  is  shown 
in  Fig.  1  GO,  and  which  is  made  either  in  circular  or  rectangular  form 
— preferably  rectangular, — the  condenser  vessel,  as  seen,  is  divide 
into  two  portions,  the  water  passing  through  the  two  in  succession. 
The  steam,  as  will  be  seen,  enters  at  the  top,  the  condensed  steam 
leaving  at  the  bottom,  and  the  cooling  water  enters  by  the  inlet  a 
bottom  on  the  right,  passes  through  the  lower  bank  of  tubes,  then  t  b  I 
the  upper  bank  of  tubes,  and  out  at  the  water  outlet  at  the  top  on  the 
right.     It  will  be  noticed  that  the  principle  upon  which  all  apparatus 
in  whioh  heat  passes  from  one  fluid  to  another  are  construct 
observed  in  this,  the  hottest  steam  passing  over  the  tubes  in  v 
the  hottest  water  is  circulating,  and  the  coolest  steam  or  the  coi 
densed  water  meeting  the  coldest  water  as  it  enters. 


*ijl.tv  24*.  —Condensing  Plant  Tor  a  Pair  of  lurge  Blowing  Engines  at  a  Steel  Works, 
Tuu  ComlutiBer  is  seuu  on  the  Wall  of  tlto  Kuginc-liuuae, 


Plat*  24b.— Tangyo  Duplex  Double-aoting  Stoam  Pomp. 
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condenser  itself  circulates  in  the  lower  portion,  passing  fchroUfll 
banks  of  tubes  in  succession.  The  exhaust  steam  enters  at  the  top, 
and  is  guided  by  baffles  to  the  right  and  left  of  the  entry,  then 
passing  over  the  feed-water  tubes  and  the  condenser  tubes  in 
succession.  Whore  some  of  the  circulating  water  is  employed  as  feed 
water,  it  will  be  seeu  that  the  arrangement  can  be  carried  out 
conveniently. 


Open  Tank  Surface  Condensers 

The  Klein  Engineering  Company,  the  Balcke  Company,  aod 
others,  construct  a  modified  surface  condenser,  in  which  the  steam 
circulates  inside  the  tube3  in  place  of  outside,  the  tubes  being  built 
into  stacks,  aud  placed  in  open  brickwork  tanks,  the  cooling  water 
being  caused  to  pass  slowly  through  the  tanks  and  around  the  ti 
by  the  circulating  pump  in  the  usual  way. 

A  modification  of  this  is  made  by  the  Klein  Co.  for  laying  in 
l»cds  of  streams.     A  brickwork  tank  is  built  in  the  bed  of  the  et 
and  the  water  is  allowed  to  circulate  through   the  tank  under 
force  of  tho  stream. 


The  Contraflo  Condenser 

This  is  a  form  of  surface  condenser  introduced  within  the  last 
few   years    by  Messrs.    Richardson,   Wcstgarth    &    Co.,   in    w 


Fia.  161.— Sectional  drawings  of  Contraflo  Condenser,  stowing  the  division!  of 
Condenser,  the  Hot  Well,  etc, 


, 


certain  novel  features  ore  introduced  that  are  claimed  to  incre&M 
the  efficiency  of  the  apparatus.  The  complete  apparatus  is  ahown  id 
Plates  23a  and  23b,  and  sections  of  it  in  Fig.  101.    From  the  3c*. 
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drawings  it  will  be  seen  that  it  is  practically  three  separate  condensers, 
each  fitted  with  pipes  For  the  water  to  circulate  in,  on  the  lines  of  the 
ordinary  surface  condenser,  but  tho  three  condensers  are  arranged  in 
series,  that  is  to  say,  the  steam  passes  through  the  three,  one  after 

»the  other,  the  condensed  water  finally  finding  its  way  to  the  hot 
well  shown  at  the  bottom.  In  addition,  each  of  the  separate  con- 
densing chambers  is  drained  of  its  water  by  separate  pipes  com- 
municating with  the  hot  well.  The  steam  enters  by  the  steam  pipe 
»at  the  top,  passes  over  and  between  the  condensing  pipes  in  the 
upper  chamber,  then  it  passes  by  the  vapour-distribution  chamber, 
as  it  is  termed,  shown  on  the  left  in  the  transverse  vertical  section 
on  the  left  of  Fig.  161,  into  the  second  condensing  chamber.  It 
passes  over  the  pipes  in  the  second  condensing  chamber,  and  thence 
by  way  of  the  vapour-distribution  chamber  on  tho  right,  to  the  third 
and  lowest  condensing  chamber.  The  vapour-distribution  chambers, 
as  will  be  soon,  are  really  communications  between  the  different  con- 
densing chambers.  The  idea  in  the  mind  of  the  inventor  of  the 
Contraflo  condenser  is,  that  the  major  portion  of  the  condensation 

»  takes  place  in  the  neighbourhood  of  the  upper  condensing  pipes, 
where  the  first  cooling  takes  place,  and  that  if  the  condensed 
formed  there  can  be  drained  away,  there  ia  less  chance  of  any  portion 
of  it  being  re-evaporated.  One  of  t lie  difficulties  iu  connection  with 
condensers  is,  any  water  that  is  formed  by  condensation  when  the 
steam  enters  a  condenser  may  be  re-evaporated  into  steam,  and  have 

»to  be  recondensod  if  the  conditions  aro  favourable.  It  was  explained 
in  the  Gist  chapter  that  the  formation  of  steam  depends  upon  the 
heat  present,  and  upon  the  pressure  to  which  the  surface  of  the  water 
from  which  steam  is  to  be  made  is  exposed.  Lowering  the  UHBHUN 
allows  steam  to  be  formed  at  a  lower  temperature  than  with  higher 
pressure,  and  as  it  is  a  necessity  of  the  case  that  the  pressure  in 
the  condenser  shall  be  continually  lowered  by  the  air  pump,  it 
follows  that  the  conditions  favourable  for  the  reformation  of  steam 
may  occur  during  the  later  portion  of  the  passage  of  th«  condensed 
steam  through  the  condenser. 

The  usnal  counter  current  arrangement  is  adopted  in  the  Contraflo 
condenser.  That  is  to  say,  tho  cooling  water  enters  the  pipes  of  the 
lowest  portion  of  the  condenser,  and  is  forced  upwards,  passing  to 
and  fro  in  successive  lengths  of  pipes,  finally  issuing  at  tho  top;  tho 
steam,  passing  downwards  from  the,  top,  and  issuing  into  the  hot 
well.  Thus,  the  hottest  water,  that  which  has  already  done  work  in 
cooling  the  steam  and  water  below  it,  meets  the  hottest  steam,  and 
the  coldest  steam  or  condensed  water  meets  the  coldest  cooling 
water. 
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Jet  Condensers 

The  jet  condenser  is  practically  the  reverse  of  tlie  hjmmj  feol- 
water  heater,  but  the  apparatus  is  designed  primarily  for  condensing 
the  steam,  and  not  for  beating  the  water,  though  the  water  i- 
necessarily  heated  in  the  process.  The  Jet  condenser  consists  of  a 
vessel  of  various  forms,  into  which  the  steam  is  brought,  and  also 
into  which  the  cooling  water  is  brought  in  the  form  of  a  spray.  Tlio 
steam  meeting  the  water,  gives  up  its  heat  to  the  water,  is  condensed, 
and  the  two  are  pumped  out  together  by  the  air  pump,  just  as  iu  the 
surface  condenser. 

There  are  two  methods  of  arranging  the  jet  condenser,  known 
the  parallel-current  and  counter-current  apparatus.  Iu  the  parall 
current  apparatus  the  steam  and  water  enter  more  or  less  opposite 
each  other,  and  flow  in  a  parallel  direction  through  the  condenser 
vessel,  the  two  mixing,  and  the  water  being  condensed  on  the  way.  I  d 
the  counter-current  condenser,  the  steam  enters  from  one  side,  and 
the  water  from  the  other,  and  the  two  flowing  in  opposite  directions, 
mix  as  before.  The  vessel  into  which  the  steam  and  water,  enter  has 
various  forms.  Usually  with  the  counter-current  design,  it  is  fixed 
in  a  horizontal  position,  and  consists  of  a  cylinder,  the  steam  entering 
from  one  end,  the  water  from  the  other,  and  the  condensed  water 
being  pumped  out  from  the  end  at  which  the  water  enters.  In  one 
form  of  tho  counter-current  jet  condenser,  made  by  Messrs.  BaJcke, 
the  main  condensing  vessel  consists  of  a  horizontal  cylinder,  the 
steam  entering  it  by  a  steam  pipe  on  the  left,  and  the  water  en* 
through  a  dome  above  the  right-hand  portion  of  the  condenser.  The 
object  of  tho  dome  is  to  sej>arato  the  air  that  comes  in  with  the  steam 
from  the  water,  and  the  operation  of  the  condenser  is  us  follows:  TIi« 
steam  entering  the  main  condensing  vessel  meets  tho  large  body  of 
water  below,  and  nearly  the  whole  of  it  is  condensed.  A  portion,  huw- 
ever,  passes  onward  and  enters  the  dome,  where  it  meets  the  cold  spray 
produced  in  the  dome,  and  is  condensed,  the  air  and  incondensible 
gases  passing  upwards  and  being  pumped  out  by  the  air  pump  con- 
nected to  a  pipe  at  the  top.  The  condensed  water  is  pumped  out 
through  a  pipe  at  the  bottom  by  a  pump,  and  is  delivered  to  the  air 
cooler,  the  cooling  water  for  the  condenser  being  taken  from  a  tank 
on  the  one  side  of  the  cooling  tower,  into  which  the  water  from  the 
bottom  of  the  tower  overflows. 

It  is  claimed  that  with  the  combined  arrangement  of  jet  condenser 
and  cooling  tower,  the  water  lost  by  evaporation  in  the  process  of 
cooling  is  made  up  by  that  condensed  from  the  exhaust  steam. 

Two  pumps  are  required   for  the  jet  condenser,  the  air  pi 
which  will  be  of  a  similar  form  to  that  employed  with  the 
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condenser,  but  a  little  larger,  aa  it  has  to  deal  with  the  cooling  water 
as  well  as  with  the  water  funned  from  oonctansed  steam,  and  a  pump 
to  deliver  the  cooling  water  itself,  which  must  be  arrangod  in  the 
farm  of  a  spray. 

The  jet  condenser  is  more  efficient  than  the  surface  condenser,  so 
far  as  the  quantity  of  water  required  for  cooling  is  concerned,  but  it 
is  not  as  well  liked  as  the  surface  condenser. 


The    Mi rrlees- Watson 
denser 


Jet    Con- 


In  this  apparatus  a  now  departure  has  been 
struck.  The  condenser  vessel  contains  a  number 
of  trays,  fixed  one  above  the  other,  and  the  water 
enters  the  condenser  at  the  top,  and  is  broken 
up  by  falling  over  the  trays,  very  much  after 
the  manner  of  the  arrangements  made  in  some 
cooling  towers.  The  steam  enters  at  the  bottom, 
and  is  obliged  to  pass  through  the  trays.  The 
air  is  drawn  out  from  the  upper  part  of  the 
condenser,  and  is  therefore  at  its  minimum 
volume,  this  applying  to  other  forms  of  jet  con- 
denser where  this  arrangement  rules,  while  the 
condeused  water  is  pumped  out  at  the  bottom. 


Fio.  162.— Section  of  Wortliington  Jet  Condonaer  and  Pump. 


The  Worthington  Jet  Condenser 

The  Wortliington  jet  condenser,  with  its  pump,  is  shown  in  section 
in  Fig.  162,  and  fully  in  Fig.  1G3,     It  will  be  seen  that  the  condensing 
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vessel  is  cone-shaped,  the  exhaust  steam  entering  by  the  pipe  A  on  the 
right,  and  the  cooling  water  by  the  pipe  B  on  the  left.  The  entrance 
B  must  not  be  more  than  20  feet  above  the  surface  of  the  water  snpj 


ha,  163.-Worthington  Jot  Condenser  for  1600  H.P.,  with  Pm 

when  used  with  steam  engines.  The  water  jet  is  broken  up  i 
fine  spray  Iwfore  it  enters  the  condensing  vessel  by  means  - 
spray  pipo  C,  intowhich  the  pipe  B  enters,  and  the  spraying  oo 
The  pump  shown  is  of  the  piston  type,  driven  by  the  stenn 
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K,  and  constructed  generally  on  the  lines  of  the  Worthington  pumps. 
The  Worthington  jet  condenser  pump  is  sometimes  worked  by  a 
compound  or  triple-expansion  steam 
cylinder,  on  the  lines  of  the  Worth- 
ington pumping  engines  of  those 
types,  the  piston  rod  of  the  high- 
pressure  cylinder  being  connected 
to  the  pump  rod,  which  also  oarries 
a  cross  head,  through  which  con- 
nection ia  made  to  the  low-pressure 
piston,  the  low-pressure  and  inter- 
mediate-pressure pistons  being  con- 
nected by  one  rod. 

The  pump  described  above  is 
the  air  pump  of  the  condenser,  and 
it  is  claimed  that  it  performs  the 
office  of  air  pump  quite  as  well  as 
those  specially  designed  for  the 
purpose,  the  pump  being  specially 
arranged  to  deal  with  the  air  and 
water.  The  water  cylinders  ore  lined 
with  composition,  and  the  glands 
and  the  stuffing  boxes  and  the  valve 
seats,  etc.,  art:  of  the  same  material. 

The  velocity  with  which  the 
steam  enters  the  coue  F  of  the 
condenser,  it  is  claimed,  carries 
with  it  the  water  and  all  the  air  or 
utu'ondunsible  vapour  that  lias  come 

I  with  it,  the  air  and  water  being 
fully  dealt  with  by  the  piston  pump, 

fand  being  discharged  through  the 
valves  shown  at  H  and  I,  and  the 
pipe  J.,  in  Fig.  162. 


The  Ejector  Condenser 


Fio.  164.— Section  of  Led  ward  Ejector 
Condenser,  with  three-way  auto- 
matic Valve,  providing  for  exhaust- 
ing to  the  atmosphere  if  required. 


In  the  ejector  condenser,  forms 
of  which  are  shown  in  Figs.  L64 
and  165,  the  action  is  somewhat 
similar    to    that    of    the    injector, 

but  reversed.  In  the  ejector  condenser  a  stream  of  water  Es  kept 
continually  pouring  through  a  vessel,  as  shown,  into  which  the 
wffflMt  steam  is  delivered.     The  passage  of  the  stream  of  water 
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through  the   apparatus  draws   the  exhaust  steam  after    it,  in  the 
well-known  injector  maimer,  and  the  steam  meeting  the  water,  is 
immediately  condensed  and  passes  off  with  it.    The  ejector  conn 
has    the  great  advantage  of  being  exceedingly  simple.     Only 


Pia.   1C5.— Diagram  o{  arrangement  of  Steam  and  Water  Pipes,  with  Lcdwaro'i 

Ejector  Condenser. 


pump  is  required,  that  for  providing  the  stream  of  cooling  water, 
which  is  allowed  to  run  away,  or  is  used  over  again,  as  may  lw 
arranged. 

The  Barometric  Condenser 

The  barometric  condenser  is  practically  a  modification  of 
ejector  condenser.     The  arrangement  is  shown  in  Fig.  166,  and  the 
condenser  vessel  in  section  in  Pig.  167.     It  takes   its   name   from 
the  fact  that  a  column  of  water  of  the  height  equivalent  to  the 
mercurial  barometer — that  is,  giving  the  same  pressure,  l-t'7  lbs.  to 
the  square  inch,  or  as  the  ordinary  29*96  inches  of  the  inei 
barometer — is  employed  to  do  the  work  that  is  performed  in  other 
types  of  condenser  by  the  air  pump.     The  condenser  itself  is  ti\ 
at  thetop  of  a  pipe  about  30  feet  high,  and  the  exhaust  steam  is 
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up  another  pipe,  standing  by  the  side  of  the  condenser  pipe,  to  a 
point  a  few  feot  above  the  condenser.  The  top  of  the  exhaust- 
Bteam  pipe  is  provided  with  a  relief  valve,  and  usually  an  exhaust 


no.«rwuf 


Fro.  166.— Arrangement  of  Pipes,  Pomps,  eto.,  of  Bulkloy  Barometric  Condenser, 
connected  to  a  Steam  Turbine. 


head,  on  something  the  lines  that  have  been  described  with  other 
exhaust  heads.  The  bottom  of  the  condenser  pipe  is  carried  nearly 
to  the  bottom  of  a  vessel  called  the  hot  well,  into  which  the  con- 
densed steam  and  the  condensing  water  is  delivered,  and  from  which 
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ifc  overflows  into  any  receptacle  that  may  be  provided  for  ir.     The 
hot  well  is  usually  covered,  and  it  is  required  to  be  waterproof,  that 
is  to  say,  no  other  water  must  come  iuto  it,  except  that  dr1 
from  the  condenser.     The  cooling  water  may  bo  delivered  to  tfas 
ion  lenser  from  a  tank  at  a  height  that  will  allow  the  wafc  I 
into  the  condenser  by  gravity,  or,  whore  that  is  not  available,  it  may 


Fig.  167. — Sectional  Diagram  of  the  Barometric  Tube  Condenser,  made  by 

Bros.,  of  Philadelphia. 


be  pumped  up  by  any  convenient  pump,  centrifugal  or  otherwise, 
driven  by  any  convenient  source  of  power.     The  pump,  thoi 
has  to  deliver  the  water  to  the  condenser  at  about  30  feet  abo\ 
hot  well,  lias  not  really  to  lift  the  water  that  height,  the  p 
vacuum  in  the  condenser  pipe  assisting  the  lift  in  the  pump  delnm 
pipe  to  the  extent  usually  of  about  22  feet,  so  that  the  lift  of  the  pmm| 
is  only  about  7  or  8  feet.     The  water  is  carried  into  the  condenser 
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in  the  form  of  a  hollow  cylindrical  sheet  or  jet,  and  the  steam 
is  delivered  in  the  middle  of  the  water  jet  hy  a  cone,  in  the  well- 
known  injector  manner.  The  passage  of  the  water  down  the  tube 
draws  the  steam  up  the  exhaust  and  down  the  barometric  condenser 

ttube,  the  steam  combining  with  the  water,  and  the  velocity  acquired 
by  the  water  in  falling  being  sufficient  to  draw  down  the  air  which 
comes  over  with  the  steam,  as  well  as  the  exhaust  steam  itself.  Tt 
will  be  seen  that  the  great  advantage  obtained  by  the  use  of  the 
barometric  condenser  is  the  extinction  of  the  air  pump. 

In  some  forms  of  the  apparatus  an  air  pump  is  employed  as  well 

The  i 


Parsons   Vacuum   Augmenter 


The  importance  of  a  high  vacuum  for  steam  turbines  has  been 
mentioned  in  another  portion  of  the  book.   The  difficulty  of  obtaining 


Fig,  108.— Section  of  Parsons  Vacuum  Augmentor. 

high  vacua  is  dealt  with  later.  It  requires  a  considerably  increased 
quantity  of  cooling  water,  a  larger  surface  in  the  condenser,  in  pro- 
portion to  the  quantity  of  steam  to  be  condensed,  and  a  higher 
velocity  of  the  cooling  water.  In  addition,  a  larger  air  pump  is  also 
required,  as  when  high  vacua  are  reached,  the  air  is  more  important 
than  at  any  part  of  the  condensing  cycle.  With  all  these  arrange- 
ments, however,  it  was  till  recently  only  possible  to  obtain  a  vacuum 
of  from  27J  to  28  inches  of  mercury,  and  to  meet  the  case,  Mr. 
Parsons  him  worked  out  nn  apparatus,  shown  in  section  in  Fig.  103, 
which  he  has  called  a  "vacuum  augmenter,"  by  which  he  is  enabled 
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to  obtain  the  vacuum  named,  27^  to  28  inches,  without  any  other 
alteration  to  the  plant,  or  higher  vacua  with   the  increase  ol 
culating  water,   etc.,   mentioned.     The  apparatus    is   an   ingenious 
application  of  the  injector  principle,  applied  to  draw  off  the  air  and 
vapour  from  the  lower  portion  of  the  condenser  into  an  auxiliary 
condenser,  marked  in  the  drawing,  "augmenter  condenser.'*     The 
auxiliary  condenser  lias  from  2  to  3  per  cent,  of  the  cooling  surface 
of  the  main  condenser,  and  its  office  is  to  cool  the  air,  and  partially 
condense  the  vapour  it  draws  off  before  it  enters  the  air  pump.     It 
will  be  remembered  that  the  lower  the  temperature  of  any  qu 
of  air  that  has  to  be  dealt  with,  the  smaller  its  volume,  and  the 
the  work  the  air  pump  has  to  do  is  lessened.    The  main  pipe  le:i<lin_r 
from  the  condenser  to  the  air  pump,  is  shown  leaving  the  right  of 
the  condenser  in  the  drawing,  and,  as  will  be  seen,  the  &u\ 
condenser  delivers  its  air  and  water  to  thi3  pipe  just  before  it  i 
the  air  pump.     The  consumption  of  steam  in  the  steam  jet  is  stated 
not  to  exceed  1J  per  cent,  of  the  total  steam  dealt  with  at  normal 
load  in  the  main  condenser. 


Central   Condensing  Stations 

The  idea  of  distributing  power  by  means  of  electricity  from  one 
generating  station  has  led  to  the  idea  of  condensing  the  whole  of  the 
steam  from  a  group  of  engines  within  a  certain  range  by  one  cou- 
densing  plant,  the  same  reasoning  which  makes  the  con:  rating 

plant  economical  also  making  the  central  condensing  plant  economical, 
providing  that  the  arrangements  are  properly  carried  out.  A  central 
generating  plant  is  rendered  economical  from  the  fact  that  a  smaller 
plant  can  be  employed  to  furnish  power  for  a  given  number  of 
machines  or  works  than  would  be  necessary  in  the  aggregate  if  each 
works  or  each  machine  was  provided  with  its  own  plant.  Ji 
works,  or  in  any  group  of  works,  there  are  always  some  machinal 
which  are  temporarily  idle  from  various  causes.  If  we  take  a  tilting 
shop,  for  instance,  containing  lathes,  planing  machines,  drilling 
machines,  and  so  on,  it  is  very  rarely  that  the  work  any  one  machine 
is  doing  commences  and  ends  at  the  same  time  as  that  of  all  bfafl 
other  machines.  The  work  is  necessarily  variable,  the  men  attending 
the  machines  are  variable,  and  the  times  of  stopping  and  etaxtiag 
machines  to  put  in  new  work,  or  to  attend  to  the  machine  Fox 
of  the  numerous  causes  from  which  it  requires  it,  necessarily  v 
and  hence  it  follows  that  approximately  not  more  than  40  per 
of  the  machines  are  working  at  any  one  time.  If,  again,  we 
group  of  engines,  say,  at  a  colliery,  a  steel  works,  or  some  works 
the  kind,  consisting  of  winding  engines,  hauling  engines,   ; 
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nil-mil]  engines,  blowing  engines,  and  so  on,  it  will  be  found  that 
some  of  the  engines  are  alwayB  stopped.  Thus,  winding  takes  place 
at  certain  intervals,  the  cage  requiring  to  be  unloaded  and  reloaded 
while  the  engine  stops ;  hauling,  though  it  is  less  linble  to  stop  on 
the  endless  rope  system  than  on  some  others,  is  still  liable  to  it; 
rail  mills  can  only  run  when  the  billets  are  ready  for  them,  and  so 
on,  and  it  follows  that  as  these  engines  are  working  more  or  less 
intermittently,  the  steam  which  they  exhaust  is  also  delivered  Inter- 
mittently, and  the  total  quantity  of  ebeam  to  be  condensed  is  con- 
siderably leBSj  and  can  be  dealt  with  by  a  condensing  plant  of 
vimilkr  capacity  than  would  be  necessary  if  each  engine  had  its 
own  condenser.  There  is  the  objection,  of  course,  that  anything 
which  upsets  the  working  of  the  central  condensing  plant,  upsets 
the  working  of  the  engine;  but  this  is  not  really  serious,  as  it  should 
always  be  arranged  that  the  exhaust  can  be  turned  on  to  the 
atmosphere  temporarily  and  quickly  in  case  of  accident  A  central 
condensing  plant  has  been  fixed  by  the  Mirrlees  Watson  Company 
for  the  Scottish  Co-operative  Society,  and  arranged  for  condensing 
the  steam  from  three  sets  of  engines,  each  of  530  H.P.,  and  one 
of  330  H.r.,  all  of  the  high-speed  type,  the  steam  being  supplied 
by  four  water-tube  boilers  working  at  150  lbs.  pressure  per  square 
inch.  The  plant  is  of  the  barometric  jet  condenser  type,  the  steam 
being  delivered  from  the  exhaust  of  all  the  engines  to  one  large  pipe, 
which  18  carried  vertically  up  to  the  condenser.  The  water  pumpa 
and  the  air  pumps  stand  side  by  side  at  the  bottom,  and  the  cooling 
tower  at  the  top.  The  injection  water  is  pumped  to  the  condonscr, 
and  passes  from  the  condenser  down  to  the  hot  well  in  the  usual 
way,  the  air  being  pumped  out  of  the  top  of  the  condenser  by  the 
ail*  pump,  and  being  cooled  and  separated  from  the  water  on  its  way 
by  passing  through  an  air  cooler  and  water  separator.  The  condenser 
is  of  the  type  described  on  p.  341,  fitted  with  trays  for  breaking  up 
the  water. 

Fig.  169  shows  a  central  condensing  plant  fixed  by  the  Klein 
Engineering  Co.,  in  which  open-surface  condensers  are  employed 
with  cooling  towers. 


The  Quantity  of  Cooling;  Water  Required  for 

Condensing: 

The  quantity  of  cooling  water  required  for  condensing  steam 
varies  with  the  form  of  condenser,  and  with  the  initial  temperature 
of  the  cooling  water,  the  velocity  at  whioh  the  water  is  passed 
through   the  condenser,  and    the   cooling  surface  exposed  in   the 


350    STEAM  BOILERS,  ENGINES,   AND  TURBINES 


Fig.  l(i'J.— Plan  ana  Vertical  Section  of  Central  Condensing  Plant,  with  Cooling 
Tower,  made  by  the  Klein  Engineering  Co.  The  Condenaen  are  of  lbs  open 
surface  type  described  on  page  339. 
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condenser.  It  Las  been  explained  in  Chapter  I.  that  water  will 
absorb  heat  from  any  heated  surface,  directly  in  proportion  to  the 
difference  of  temperature  between  the  water  and  the  surface  it  is 
in  contact  with,  and  therefore  it  will  easily  be  understood  that  the 
lower  the  initial  temperature  of  tho  water,  the  larger  capacity  it  has 
for  absorbing  heat  under  all  conditions.  It  will  be  understood  also 
that  in  the  surface  condenser,  the  tubes  through  which  the  water 
passes  are  virtually  heating  surfaces  for  the  water,  just  as  the  tubes 
in  a  water-tube  boiler  are.  It  will  be  understood,  also,  that  the 
quantity  of  heat  that  any  body  of  water,  say  a  gallon,  can  abstract 
from  the  steam  it  is  to  cool,  will  depend  directly  upon  the  difference 
between  the  initial  and  final  temperatures,  and  here  comes  in  a 
difference  between  the  injector  and  surface  condensers.  With  the 
surface   condenser  the   temperature    of    the  cooling  water  cannot 

Cftibly  leave  the  condenser  at  the  same  temperature  as  the  summi. 
practice  there  is  a  difference  of  from  15*  to  20g  F.  between  the 
two,  while  with  the  jet  condenser  the  water  is  raised  to  the  tempera* 
ture  of  the  steam  itself,  providing  the  water  is  in  the  proper  pro- 
portion. Henoe  it  is  claimed  that  the  jet  condenser  has  an  advantage 
over  the  surface  condenser  under  any  given  conditions   of  about 

•  fifteen  times  the  weight  of  steam.  That  is  to  say,  with  surface  con- 
densers the  cooling  water  required  is  in  the  neighbourhood  of  forty 
times  the  weight  of  steam  it  is  to  condense,  whilst  with  the  jet 
condenser  it  need  only  be  twenty-five  times.  With  either  form  of 
condenser,  however,  and  knowing  the  initial  temperature  of  the 
cooling  water,  and  the  temperature  to  which  it  can  be  raised  in  it.s 
passage  through  the  condenser,  tho  calculation  for  the  quantity  of 

t water  per  pound  of  steam  is  a  very  simple  one,  and  is  found  from 
the  following  formula — 
«      SxL 
r 


Q- 


T-  / 


where  Q  is  the  number  of  pounds  of  water  required,  S  is  tho  number 
of  pounds  of  steam  to  be  condensed,  L  is  the  latent  heat  of  steam  at 
the  condenser  pressure,  T  being  tho  initial  and  the  final  temperaturo 
of  the  cooling  water;  or  if  the  quantity  is  required  in  gallons,  the 
formula  becomes — 

SxLxlO 


Q  = 


T  -  t 


When  high  vacua  are  to  be  obtained,  the  conditions  are  more  severe 

»than  with  low  vacua.  Above  a  vacuum  of  26  inches  the  latent  heat  of 
the  steam  is  increased,  as  will  be  remembered,  and  in  addition,  the 
volume  of  the  steam  is  also  very  largely  increased.  Thus,  approxi- 
mately, the  steam  doubles  its  volume  between  vacuum  of  26  and  28 
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inches,  and  again  moro  than  doubles  it  between  28  and  29  inches. 
result  of  this  is,  as  explained  in  connection  with  the  Parsons  vacui 
augmenter,  tho  quantity  of  cooling  water  is  considerably  in* 
Mr.  Parsons  found  that,  with  a  condenser  having  an  allowance  of 
square  foot  of  surface  per  indicated  H.P.,  a  vacuum  of  26  to  2 
could  be  obtained  by  the  circulation  of  a  quantity  of  cooling  \\  a 
times  that  of  the  steam  to  be  cooled,  the  initial  temperature  of  the  cool* 
ing  water  being  70°  F.  For  higher  vacua  he  found  that  it  was  necessary 
to  increase  the  condenser  surface  to  1J  square  feet  per  indicated  H.P., 
and  to  increase  the  velocity  of  the  cooling  water  from  the  tubes,  to 
from  4  to  7  feet  per  second.  He  also  found  that  it  was  necessary 
to  construct  the  condenser  with  the  tubes  spaced  wider  apart  tfaafl 
is  usual,  so  that  the  steam  could  have  an  easy  flow  among  them,  and 
to  submerge  the  lower  tubes  in  the  condensed  water,  before  tho 
was  carried  off  by  the  air  pump,  this  being  done  by  providing  a  mix 
at  the  bottom  of  the  condenser,  which  held  up  the  condensed  water, 
so  as  to  cover  two  or  three  rows  of  tubes.  It  should  be  mentioned 
that  this  arrangement  has  been  frequently  adopted  by  other  makers. 
It  should  be  mentioned  also  that  the  velocity  at  which  the 
cooling  water  passes  through  a  surface  condenser  has  an  important 
bearing  upon  its  cooling  effect,  up  to  a  certain  critical  figure.  Appa- 
rently there  is  a  certain  minimum  time  for  the  cooling  water  to  be  in 
contact  with  the  condenser  tubes,  in  order  that  it  may  absorb  the 
fullest  amount  of  heat  from  them,  and  this  forms  the  critical  speed. 
A  speed  which  does  not  allow  of  this  minimum  time  in  contact, 
should  not  give  as  high  a  cooling  effect  with  any  given  surfax 
with  any  given  difference  of  temperature  between  the  inlet  and 
let  of  the  cooling  water,  as  should  be  obtained  if  the  proper  minii 
time  is  allowed.  This  would  be  the  case  of  too  high  a  velocity, 
the  other  hand,  up  to  the  critical  velocity,  the  water  does  no  good 
remaining  in  contact  with  the  heating  surface  longer  than  is  n< 
for  it  to  abstract  the  maximum  amount  of  heat 


Mr.  Richard  Allen's  Experiments  on  Condense 

Mr.  Richard  Allen,  of  the  firm  of  W.  IT.  Allen  &  Son,  who 
made  a  speciality  of  surface-condensing  plants  for  some  time, 
out  some  experiments  upon  surface  condensers  a  couple  of  yeaxa 
which  are  exceedingly  interesting,  and  which  throw  a  very  inr 
light  upon  the  question  of  the  quantity  of  cooling  water  required  ui 
different  conditions,  and  with  different  vacua.      The  curves  slu 
in  Figs.  170  to  177  which  are  taken  from  the  paper  contributed  o 
Mr.  Allen  to  the  Institution  of  Civil  Engineers,  and  the  extracts 
his  paper,  are  reproduced  with  tho  permission  of  tho  Institution 
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of  the  author.     The  first  set  of  curves  also  throw  a  very  interesting 
light  upon  the  steam  consumption  and  of  coal  consumption,  with  one 
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Fig.  170.— Curvoa  showing  Steam  and  Coal  Consumption,  etc.,  from  6**  *J>  flfi ' 
Vacuum,  with  one  engine  working,  in  Mr.  Riamwd  Allen's  experiments.  {Iran*. 
InsL  C.E.) 

engine  working  with  increasing  vacuum,  from  E  up  to  23  inches.     In 
Fig.   170  is  given  the  steam  consumption  per   K.W,  hour,  ami  per 

m   A 
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electrical  II. P.  hour,  alao  the  coal  consumption  pur  K.W.  hour,  will 
the  engine  employed  on  the  testa,  and  with  vacua  from  5  up 
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Fig.  171. — Curves  showing  Steam  and  Coal  Oonsampttaa,  etc.,  in  Mr.  Ui« 
Alien's  experiments,  with  Vacua  varying  from  5"  to  26",  and  with  two  Eu 
running.    [Trans,  inst.  C'.t'.J 

inches.     It  will  he  noticed  that  both  the  steam  and  coal  couaumi 
steadily  decrease,  as  shown  by  the  inclination  ul"  the  cuiw.  If] 
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practically  a  straight  Hue  in  the  three  cases,  as  the  vacuum  increases, 
iiinl  Mr.  Allen  draws  the  conclusion  from  it,  that  while  it  is  probable 
that  if  condensing  with  high-speed  reciprocating  engines  were  carried 
to  a  higher  vacuum,  further  ecouomies  would  result,  but  that  as  tlus 
would  mean  increase  in  size  of  engines,  increased  loss  by  radiation, 
and  so  on,  he  is  of  opinion  that  a  vacuum  ot  25  to  2G  inches  of  mercury 
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far  the  steam  consumption  per  K.W,  hour,  and  per  E.H.P.,  and  the 
coal  consumption  per  K.W,  hour,  with  two  engines  working,  and 
with  vacua  from  5  to  25  inches  of  mercury.  It  will  be  noticed  that 
the  decrease  in  steam  and  coal  consumption  is  more  marked  with  the 
two  engines  than  with  the  one.  Fig.  171  gives  the  circulating  water 
1  <  i  pound  of  steam  condensed  with  the  two  engines  working,  Bttd  ii 
will  he  seen  that  the  result  is  rather  more  favourable  than  with  I 
singlo  engine.  Jj'ig.  172  shows  the  indicated  H.P.  of  condensing  plant, 
and  the  consumption  of  steam  by  the  condensing  plant,  with  rftryiag 
vacua,  as  percentages  of  the  total  steam  and  total  power  supplied  tu 
the  test  engines,  which  were  employed  in  driving  electricity  generators, 
and  the  percentage  of  coal  saved,  with  varying  vacua,  as  compared 
with  the  coal  that  would  be  consumed  when  not  condensing.  It  will 
be  seen  that  the  consumption  of  steam  by  the  condensing  plant 
increases  from  4  per  cent,  with  5  inches  of  vacuum,  to  7\  par  cent. 
with  25  inches,  while  the  indicated  H.P.  taken  by  the  condensing 
plant,  increases  from  about  1|J  per  cent,  to  nearly  3  per  cent.,  the 
r<:il  s;ived  being  TO  pex  cent,  with  G  inches  of  vacuum,  and  about 
per  cent,  with  25  inches  of  vacuum. 

It  will  be  understood,  of  course,  that  these  economies  apply 
the  special  apparatus  under  test,  which  consisted  of  two  compound 
engines,  12-  and  21-iuch  cylinders  by  9-inch  stroke,  driving  electricity 
generators  of  165  and  137*5  K.W.,  but  the  author  believes  the 
to  be  fairly  representative.     Fig.  173  shows   the   variation    in  the 
quantity  of  cooling  water,  with  its  initial  temperature  for  thediffi 
vacua  shown. 

Mr.  Allen  estimates  that  for  vacua  of  25  to  26  inches,  with 
barometer  at  30  inches,  the  tube  surface  in  the  condenser  for  circula- 
ting water  having  a  temperature  not  exceeding  65°  T.  at  inlet,  si 
be  from  I  to  jpg  square  foot  per  pound  of  steam  condensed,  and  with 
circulating  water  at  higher  temperature,  from  J  to  J  square  foot  per 
pound  of  steam.    It  will  bo  noticod  that  these  figures  agree  pre*; 
with  those  given  by  Mr.  Parsons.     Further,  Mr.  Allen  eetimal 
for  the  vacuum  mentioned  the  volumetric  capacity  of  the  air  ] 
measured  by  the  number  of  cubic  feet  displaced  by  the  piston,  should 
not  be  less  than  0'6  cubic  foot  per  pound  of  steam  handled. 

Mr.  Allen  also  carried  out  a  further  series  of  testa,  with  the  o 
of  estimating  the  cooling  water  required  to  obtain  higher  vacua,  with 
different  initial  temperatures,  and  with  different  condenser  sn 
The  tests  were  carried  out  on  the  same  condenser,  different 
of  steam  being  passed  through  the  condenser  in  the  same  time,  I 
the  quantity  dealt  with  per  square  foot.     Thus  1500  lbs.  of  steam  fi 
hour  were  passed  through,  giving  5  lbs.  of  steam  per  square  ' 
tube  surface,  2000  lbs.  per  hour,  2500  lbs.  per  hour,  and  3000  1 
hour,  the  quantity  of  steam  dealt  with  per  square  foot  of  tube  surface 
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Fir..  173.— Curves  showing  tho  quantities  of  Circulating  Water,  with  different  Vacua, 
and  differeut  Initial  'iVinporuturus,  iu  Mr.  HicburdAl.  .incnta.     (2Yonft 

Inst.  C.E.) 
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lieiug  in  propartiaD  to  these  figures.  The  curves  given  in  Figs.  174  and 
175,  170  and  177  show  the  quantities  of  circulating  water  at  initial 
Lempentarea  of  65°,  70°,  75°,  80°  and  85°  F„  and  with  vacua  roojnn? 
from  26^  inches  up  to  about  280  inches  of  mercury.     It  will  be 
noticed  in  Fig.  174.  in  which  5  lbs.  of  steam  was  dealt  with 
square  foot  of  cooling  surface,  that  the  quantity  of  cooling  water  v 
an  initial  temperature  of  65°  h\  increases  from  35  lbs.  per  pound  of 
steam  condensed  wiili  _<'•:   inches  vacuum,  to  70  lbs.  with  ibout 
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174  and  175. — Curves  showing  the  different  quantities  of  Circulating  Water,  wl 
il  Temperatures  and  different  Vacua,  in  Mr.  Richard  Allen's  experiment*.  (Tram. 

28^  inches,  to  95  lbs.  with  28J  inches,  and  to  120  llw.  with  at 
287  inches.     With  water  at  70'  F.  initial  temperature,  the  qnaa 
rises  from  35  lbs.  with  20^  inches  vacuum,  to  120  lbs.  with  ni 
iuches  vacuum,  no  higher  vacuum  apparently  being  obtainable  * 
the  water  available  at  that  temperature.     With  smaller  proportioi 
cooling  surface,  or  what  amounts  to  the  same  tiling,  larger  quanti 
of  steam  dealt  with  per  square  foot  of  cooling  surface,  the  reeult* 
very  accentuated,  ami  again  the  results  are  more  accentuated  * 
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cooling  water  of  higher  initial  temperatures.  Thus  with  10  lbs.  of 
steam  per  square  foot  of  cooling  surface,  the  quantity  of  cooling  water 
with  an  initial  temperature  of  65°  F,  is  about  37  lbs.,  and  it  increases 
to  70  lbs.  with  28  inches  vacuum,  and  to  120  lbs.  with  28*3  inches, 
which  is  the  highest  vacuum  apparently  obtainable.  With  water 
having  an  initial  temperature  of  85  R,  64  lbs.  about  are  required  for 
26J  inches  vacuum,  and  78  lbs.  with  27  inches,  120  lbs,  with  27.3 
inches,  the  highest  obtainable     These  figures  appear  to  the  author 
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to  be  very  striking  and  very  instructive,  because  it  must  not  be  for- 
gotten  that  in  addition  to  the  quantity  of  water  that  must  be  pro- 
vided, for  the  higher  vacua,  and  with  the  higher  temperature,  and  the 
cost  of  providing  the  water,  as  apart  from  the  cost  of  driving  it 
through  the  condenser,  the  charges  for  pumping  will  increase  very 
rapidly  with  the  largor  iiuantities.  It  will  be  remembered  that  with 
a  given  set  of  lubes  the  frictions]  bharga  lor  driving  the  water 
through  them,  increases  as  the  square  of  the  velocity,  which  means, 
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of  course,  that  the  Motional  charge  will  increase  with  the  square  of 
the  quantity  of  water  passing  through  the  condenser  in  n  si  von  tin 
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Prof.    Weighton's    Experiments  on  Condensers 

Professor  &  L.  Weighton,  of  the  Armstrong  College,  Newcastle-on- 
T)'ne,  has  carried  out  a  very  interesting  series  of  experiments  in  the 
engineering  department  of  the  Armstrong  College,  designed  primarily 
to  compare  the  efficiency  of  the  Contraflo  condenser  with  the  ordinary 
form  of  surface  condensers.  Incidentally,  however,  the  experiments, 
which  are  very  much  on  the  lines  of  those  carried  out  by  Mr 
Kichard  Allen,  throw  a  very  important  light  upon  the  question  "of  the 
efficiency  of  surface  condensers  generally,  and  upon  the  quantity  of 
vrtter  required,  with  varying  initial  temperatures,  varying  final  tem- 
pera tines,  and  varying  vacua.  In  addition  to  comparing  the  old  form 
of  condeaser  with  the  Contraflo,  Professor  Weighton  carried  out  some 
experiments  upon  the  Contraflo  condenser,  with  solid  wooden  cores  of 
triangular  section  inserted  in  the  condenser  tubes.  The  condenser 
tubes  were  of  the  usual  form,  $  inch  external  diameter  by  4  feet  Ion-.;, 
the  tubes  being  11  inches  apart  from  centre  to  centre,  in  the  Con- 
traflo form,  and  1 ,",;  inches  in  the  old  form.  The  woodon  cores 
about  2  inches  longer  than  the  tubes,  and  were  merely  inserted  in 
tubes  without  any  fastening  whatever.  The  effect  of  the  wooden 
was  to  reduce  the  available  space  for  the  passage  of  the  w. 
tubes,  and  therefore  to  reduce  the  quantity  of  water  passing  I 
any  given  pressure.  It  will  be  noted  that  this  experiment  is  on  the 
lines  of  what  has  been  mentioned  in  several  parts  of  this  b< 
the  ideal  condition  for  the  transmission  of  heat  from  one  fluid  to 
another,  when  the  two  fluids  are  separated  by  a  metal  diaphragm, 
the  ideal  condition  being  that  a  thin  stream  of  each  fluid  shall  pasa 
on  opposite  sides  of  the  diaphragm  in  opposite  directions.  The  effect, 
however,  of  the  cores  inserted  in  the  tubes  was,  in  addition  to 
decreasing  the  available  space  for  the  passage  of  the  water,  to 
increase  somewhat  considerably— to  nearly  double  in  fact — the  fric- 
tional  charge  for  the  passage  of  the  water  through  the  tubes.  It  will 
be  remembered  that  the  frictional  charge  depends  directly  upon  the 
extent  of  the  surface  over  which  the  water  runs,  and  it  will  be  seen 
that  this  surface  is  increased  by  the  three  sides  of  the  equilateral 
triangle  formed  by  the  cores.  It  appears  to  the  author  that  the  results 
obtained  by  Professor  Weighton  point  to  a  different  form  of  tube, 
viz.  ono  having  the  same  area  as  the  reduced  area  in  the  tubes,  but 
without  the  increased  surface,  and  that  this  might  be  obtained  by 
either  an    elliptical   or    plainly  flat  tube.      There   are,  of    course, 

1  Sir.  Allen  informs  the  author  that  since  tho  above  experiments  wen  l 
firm  Lave  succeeded  in  reducing  the  quantity  of  circulating  water  for  high  vacua. 
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*  constructional  difficulties  in  the  way  of  adopting  a  form  of  tul»e  of  this 
kind,  but  ix  appears  to  the  author  that  something  of  the  kind  might 
be  tried.  Professor  Weigh  ton  found  that  the  temperatures  of  the  water 
in  the  hot  well,  for  all  degrees  of  vacua  exceeding  26  inches,  were 

■  from  10°  to  15°  lower  with  the  old  type  of  condenser  than  with  the 
Contraflo,  and  he  points  out  that  there  is  no  advantage  in  having  the 
temperature  of  the  water  in  the  hot  well  lower  than  is  necessary, 
that,  in  fact,  the  lower  the  temperature,  the  lower  is  the  efficiency  of 
the  steam  system  as  a  whole ;  because  if  the  water  from  the  con- 
denser has  to  be  used  for  boiler  feed,  every  degree  of  lower  tempora- 
Iture  baa  to  be  made  up  at  the  expense  of  a  heating  from  the  boiler 
furnace.  Professor  Weighton  found  that  an  air  pump  capacity  of 
0  7  cubic  feet  per  pound  of  steam  condensed  was  as  large  as  was  neces- 
sary, providing  that  the  leakage  of  air  into  the  condensing  system 
was  prevented.  On  the  other  hand,  he  found  that  with  air  leakage, 
the  air  pump  power  required  was  increased  very  rapidly.  He  also 
found  by  using  a  dry  air  pump,  a  considerable  economy  of  condensiug 
water  was  obtained,  but  at  the  cost  of  increased  pump  capacity.     He 

isums  up  the  conclusions  at  which  he  arrived  from  his  experiments 
as  follows : — 
(1)  Efficiency    is    increased    in   a    surface    condenser    by    the 
removal  of  the  condensed  water  immediately  it  is  formed. 

(2)  Condenser  efficiency  is  obtained  with  a  minimum  condenser 
capacity  consistent  with  the  necessary  surface. 

1(3)  Efficiency  is  obtained  by  fairly  high  speed  of  circulating  water. 
(4)  The  temperature  of  the  condensing  water  at  the   discharge 
may  be  equal  to,  or  slightly  higher  than  the  temperature  due  to  the 
vacuum. 
(5)   The   temperature  of   the  hot  well  may  be  from   33  to  5° 
higher  than  the  temperature  due  to  the  vacuum. 
(6)  That  with  a  reasonably  air-tight  system,  an  air  pump  capacity 
of  0'7  cubio  feet  per  pound  of  steam  is  sufficient,  up  to  close  upon  29 
inches  vacuum. 
(7)  With  dry  air  pumps,  a  vacuum  of  28  J  inches  may  be  obtained 
at  a  condensation  rate  of  20  lbs.  of  steam  per  square  foot  of  con- 
denser surface  per  hour,  and  with  24  times  the  quantity  of  cooling 
■  water  at  an  inlet  temperature  of  50°. 
(8)  With  dry  air  pumps,  a  condensation  rate  of  36  lbs.  of  steam 
per  square  foot  of  condenser  surface  por  hour  can  be  obtained  with 

(condensing  water  28  times  that  of  the  steam  condensed,  with  a 
vacuum  ol  28i  inches,  at  an  inlet  temperature  of  50°. 
Figs.  178  and  179  give  some  of  the  curves  obtained  by  Professor 
Weighton,  and  thoy  show,  as  explained  above,  the  effect  of  the  initial 
temperature  of  cooling  water,  the  speed  of  the  cooling  water,  and  the 
vacuum  obtained. 
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It  will  he  noticed  that  Professor  Weighton  uses  cooling  war 
temperatures  from  48"  to  70"  I\,  while  Mr.  Hiohard  Allen  used  cooling 


Fias.  178.— Cotvob  showing  the  results  of  Prof.  Weighton's  orperimenU.  in  quant '.: 
of  Circulating  Water  required,  and  speed  of  the  Circulating  Wfltttr,  «iih  core* 
in  the  Condenser  Tubes.     (TVuiu.  Iiut.  N.A.) 
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Fia.  179. — Curves  showing  thu  results  of  Prof.  Weighton's  experiments,  m  quontift 
of  Circulating  Water  required,  and  ils  speed,  without  cores  in  Condenser  Tube* 
(Tratui.  Inst.  N.A,) 

water  of  temperatures  from  65'  to  85°.  Piofessoi  \V»'ighton*J  curve- 
showing  the  quantity  of  water  required  for  different  vacua  are  much 
steeper  in  the  early  portion  than  those  of  Mr,  Allen,  lint  thla  ariacfl  from 


CONDENSING    PLANT 


363 


the  fact  that  his  curves  commence  with  a  vacuum  of  2'2  inches,  white 
Mr.  Allen's  commence  with  2Gi  inches,  and  it  will  be  seen  that  the 
curves  are  of  practically  the  same  form,  after  36J  inches,  though 
differing  in  position  on  the  diagram,  as  Mr  Allen's. 

With  No.  3  condenser,  with  which  the  greater  portion  of  the 
experiments  were  carried  out,  and  with  cores  in  the  tubes,  and  which 
apparently  was  best  suited  for  the  quantity  of  steam  delivered  by 
the  experimental  engine,  the  quantity  of  water  required,  with  an 
initial  temperature  of  4P,  rises  from  12  lbs.  per  pound  of  steam  con- 
densed at  24  inches  vacuum,  to  15  lbs.  at  27  inches,  to  18  lbs.  at 
28  inches,  and  after  that  increases  very  rapidly,  as  the  vacuum  rises. 
The  effect  of  the  cores  in  the  tubes  is  fairly  marked,  as  will  be  seen 
from  the  different  curves. 

In  Fig.  180  Professor  Weighton  has  given  the  cost  in  circulating 
water  H.P.  of  the  attainment  of  given  vacuum,  under  different  con- 
ditions, from  which  it  will  be  seen  that  the  pump  H.P.  rises  very 
rapidly  after  28  inches  vacuum  is  reached. 

Fig.  181  gives  the  limit  beyond  which  the  power  absorbed  in 
pumping  exceeds  that  given  to  the  engine  by  the  higher  vacuum. 


Pumps  for  Condensers 

As  indicated  above,  two  pumps  are  required  for  nearly  every  form 
of  condenser,  one  to  supply  the  cooling  water,  and  the  other  to  remove 
the  condensed  products.  For  the  cooling  water  almost  any  form  of 
pump  may  be  employed,  a  favourite  form  being  the  centrifugal  pump, 
ftxraoged  for  a  low  head,  which  may  be  driven  conveniently  by  an 
electric  motor,  or  a  high-speed  engine  of  any  convenient  form,  or 
again  by  a  belt  or  gearing  from  the  shaft  of  the  engine.  Plunger 
pumps  are  also  employed  for  the  circulating  water,  and  they  may  be 
of  single,  double,  or  triple  barrel,  and  driven  by  an  electric  motor,  or 
nny  convenient  source  of  power  again.  As  the  quantity  of  circulating 
water  varies  with  the  load  that  is  on  the  engine  the  condenser  is 
working  with,  the  circulating  pump  should  be  capable  of  having  its 
speed  varied,  within  certain  limits,  unless  it  is  also  arranged  that  the 
engine  is  always  working  at  a  certain  proportion  of  its  full  power,  a 
condition  that  very  rarely  occurs.  Variation  of  speed  of  the  pump 
may  be  accomplished  in  the  case  of  the  electric  motor  by  varying  the 
excitation  of  the  field  magnets,  and  in  the  case  of  the  steam  engine 
by  varying  the  pressure  of  steam,  by  the  aid  of  the  stop  valve.  The 
quantity  of  water  may  also  be  varied  by  the  use  of  one  of  the  pumps 
with  variable  stroke,  on  the  market,  keeping  the  speed  of  the  pump 
itself  constant.     With  plunger  pumps  the  quantity  of  water  thrown 

each  plunger  can  be  varied  by  varying  the  length  of  the  stroke 
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and  keeping  the  speed  constant,  or  by  varying  the  speed  keeping  the 
length  of  stroke  constant.  Up  till  recently  the  universal  method  was 
varying  the  speed,  but  with  the  advent  of  the  variable  stroke  pumps 
introduced  by  Messrs.  Mather  &  l'latt  and  Hay  ward,  Tyler  &  Co.,  the 
speed  can  be  maintained  constant,  while  the  stroke  is  varied.  This 
arrangement  is  very  convenient  for  driving  with  electric  motors,  and 
it  is  also  convenient  for  driving  by  means  of  steam  engines,  as  it 
enables  the  self-governing  property  of  the  electric  motor  to  be  made 
use  of,  and  also  in  the  case  of  the  steam  engine,  enables  the  governor 
to  be  set  for  a  certain  speed,  and  allows  the  governor  to  tako  charge 
of  the  engine.  Plate  24a  shows  the  condenser  of  a  set  of  large 
blowing  engines  at  a  steel  works ;  Plate  24b  a  large  double-acting 
horizontal  steam  pump ;  25a  n  pair  of  Mirrlees  Watson  vertical  steam 
pumps ;  25b  and  25d,  two  of  Hall's  vertical  steam  pumps ;  and  25c  a 
surface  condenser,  with  air  and  circulating  pumps, 


Air   Pumps 

The  air  pump  is  a  different  apparatus  to  the  circulating  pump. 
It  is  called  the  air  pump  because,  though  it  also  in  the  majority  of 
cases  removes  the  condensed  water  from  the  condenser,  the  volume  of 
air  which  comes  over  with  the  steam,  and  which  it  is  of  the  greatest 
importance  to  remove,  in  order  that  vacuum  may  bo  obtained,  is  so 
much  greater  than  that  of  the  water. 

There  are  practically  two  forms  of  air  pumps,  one  designed  to 
remove  the  air  only,  and  the  other  designed  to  remove  the  air  and 
water,  the  two  forms  being  employed  in  the  cases  for  which  they  are 
adapted,  the  dry  air  pump  as  it  is  called  being  used  where  no  water  is 
present,  and  the  wet  air  pump  where  condensed  water  has  to  bo 
removed  as  well  as  air. 

The  dry  air  pump,  the  pump  which  removes  air  only  from  the  con- 
densing plant,  is  really  an  air  compressor.  It  withdraws  air  from  the 
•  condenser  by  suction,  just  as  an  air  compressor  draws  air  from  the 
atmosphere  by  miction,  aud  it  delivers  the  air  to  the  atmosphere  after 
compressing  it  to  a  certain  figure,  just  as  the  air  compressor  delivers 
the  comprosscd  air  to  a  receiver.  The  dry  air  pump  consiata  of  a 
cylinder  with  a  piston,  and  driven  by  any  convenient  source  of  power, 
usually  its  own  engine.  Tho  dry  air  pump  is  often  worked  in  two 
stages,  very  much  as  air  compressors  are,  the  air  being  drawn  into  the 

•  first  stage  merely,  then  cooled,  and  ejected  in  tho  second  stage. 
Forms  of  dry  air  pumps  are  shown  in  Plates  26a  and  26b.  The 
value  of  the  arrangement  is  due  to  the  fact  that,  with  high  vacua, 
the  air  pump  has  to  force  the  condensed  products  out  against  the 
pressure  of  the  atmosphere,  and  the  work  is  more  easily  accomplished 
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whore  the  second  stage  shields  the  first,  and  where  the  volume  of 
air  and  incombustible   gases    is   reduced    by  cooling    befor-. 
ejected. 

Bucket  Air  Pumps 

Edwards  Air  Pump.— In  the  Edwards  air  pump,  a  section 
which  is  shown  in  Fig.  182,  and  which  is  used  very  largely  for  n. 

densing  purposes,  it 
claimed  that  the  arrna 
ment  has  been  vei 
simplified  by  the  rerun 
of  bucket  and  fo- 
that  were  employed  in 
earlier  forms  of  air  puraja. 
As  will  be  seen  from  UN 
drawing,  the  moving  por- 
tion of  the  pump,  that 
which  corresponds  to  the 
piston  in  other  pumps,  is 
shaped  conically  In  ii: 
lower  part  and  eylimln- 
cally above, iiml  tin? bottom 
of  the  p\imp  vessel,  is  also 
conically  shaped  to  fit  the 
bucket.  The  bucket,  t> 
piston,  iimvi's  Dp  and 
down  in  the  central  barrel 
shown,  and  the  condensed 
water  and  air  flow 
the  bottom  of  the  pu 
chamber  through  the  a 
ture  on  the  left,  when 
bucket  is  off  the  bottom. 
As  the  bucket  descends,  it  forces  the  air  and  water  up  into  the  barrel 
above  the  bucket,  through  the  ports,  which  are  exposed,  iin 
above  the  cylindrical  portion  of  the  bucket.  When  the  bucke 
completed  its  downward  stroke  and  has  expelled  all  the  water  in  the 
chamber  below,  having  forced  it  into  the  circular  chamber  ab< 
commences  its  up  stroke,  closing  the  ports  through  which  the  water 
and  air  entered,  as  it  rises,  then  forcing  the  whole  of  it  upwards,  and 
discharging  them  tlirough  the  valve  at  the  top  of  the  barrel. .  1 
be  understood  that  the  problem  of  forcing  air  and  water  out  is  v« 
much  more  difficult,  that  is  to  say,  it  requires  very  much  mi 
accurate  working  between  the  pump  bucket  and  the  stationary  parts 


Fig.  182.— Section  of  Edwards  Air  Pump,  showing 
tho  Form  of  the  Piston. 
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of  the  pomp  thau  one  In  whieb  merely  water  is  to  be  handled.  If 
the  air  is  to  be  expelled,  the  pump  must  work  air-tight,  and  this  is 
what  is  claimed  for  the  Edwards  air  pump. .  It  is  also  claimed  that 
the  Edwards  pomp,  dealing  with  the  water  mechanically,  does  not 
depend  upon  the  pressure  in  the  condenser  to  drive  it  into  the  pump, 
and  secondly  an  increase  of  speed  does  not  impair  its  efficiency.  The 
question  of  the  elimination  oi  back  pressure  in  the  engine  cylinders 
is  closely  bound  up  with  the  working  of  the  air  pump,  and  conse- 
quently it  is  claimed  that  the  Edwards  pump  accomplishes  this.  In 
the  Edwards  pump  the  speed  at  which  the  water  is  propelled  is 
necessarily  the  same  as  that  of  tho  bucket  which  forces  it.  Plates 
lV>  27.v  and  27d  show  forms  of  Edwards  air  pump  made  by 
liirrleea  Wataon,  and  Plate  27c  a  complete  standard  surface  con- 
densing plant,  with  air  and  circulating  pumps. 


Coolinp;  the  Circulating:  Water  for  Condensers 

As  already  explained,  the  question  of  the  use  of  condensers  with 
steam  engines  is  one  of  relative  economy,  in  which  a  balance-sheet 
should  be  made  out.  On  the  one  hand,  by  condensing  the  exhaust 
steam,  a  certain  amount  of  coal  is  saved,  owing  to  the  lessening  of 
the  li;uk  pressure  in  front  of  the  piston  on  its  return  stroke,  and  a 
further  saving  is  often  effected  by  utilizing  the  condensed  water, 
which  is  at  a  comparatively  high  temperature  for  feeding  the  boilers. 
Un  the  other  hand,  as  explained,  condensers  require  circulating 
pumps  for  forcing  the  water  through  the  condensers,  whatever  I in- 
form may  be,  unless  there  happens  to  be  a  supply  of  water  at  a  suffi- 
cient height  to  force  it  through  the  condenser,  a  thing  that  will  not 
often  happen.  In  nearly  every  form  of  condenser  also  an  air  pump  is 
necessary,  and  this  also  absorbs  a  certain  amount  of  power. 

With  an  abundant  supply  of  cheap  water,  the  economy  of  con- 
densing in  the  great  majority  of  cases  is  very  marked.  It  has  been 
estimated  that  the  saving  in  coal  and  water  by  oamkns&faan  ranges 
from  25  per  cent,  with  steam  at  150  lbs.  pressure,  to  35  per  cent,  with 

170  lbs.  pressure,  and  this  does  not  represent  the  whole  of  the  saving, 
as  less  steam  being  required,  owing  to  the  absence  of  back  pressure, 
smaller  boiler  plant  may  also  l>e  used,  effecting  a  saving  in  the  capital 
account.  Condensing  plant  is  also  estimated  to  take  from  1  to  7  per 
cent,  of  the  power  furnished  by  the  engine  to  drive  the  circulating 
and  air  pumps,  the  power  required  varying  with  the  conditions.  But 
all  of  this  economy  may  easily  be  neutralized  in  a  very  largo  number 
of  cases  by  the  heavy  cost  of  circulating  water.  Towns  water  is 
always  too  expensive  for  economical  condensing.  Waterworks 
engineers  are  faced  with  greater  and  greater  demands  for  water  in  all 
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the  large  towns  for  the  ordinary  domestic  consumption,  and  are  being 
obliged  to  lay  out  more  and  more  ambitious  schemes  to  provide  it, 
and  they  do  not  want,  and  will  not  have  if  they  can  avoid  it,  any 
consumption,  especially  large  consumption,  such  as  would  rule  with 
condensing  plant,  outside  of  domestic  consumption.  Hence  charges 
lor  water  from  towns  supply  are  alwaj's  prohibitive.  It  often  happens 
also  that  the  cost  of  pumping  from  a  river  which  is  at  a  distance,  or 
from  springs  at  a  distance,  is  considerable  and  in  those  cases  it  is 
often  an  open  question  whether  condensation  is  economical,  while 
condensing  plant  is  an  additional  apparatus  to  be  looked  after, 
tho  trouble  can  usually  be  completely  overcome,  and  is  overcome  i 
great  number  of  instances,  by  the  adoption  of  cooling  apparatus  for 
the  circulating  water.  The  circulating  water  in  passing  through  the 
condenser  has  its  temperature  raised  20°  F.  and  upwards,  and  if  h 
can  be  reduced  again  to  the  initial  temperature,  or  by  a  subs' 
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Fio.  183.— Diagram  showing  the  Course  of  the  Water  when  a  Cooling  Tower 
In  connection  with  a  Condenser. 


number  of  degrees,  it  may  be  employed  over  and  over  again 
a  small  loss  in  the  process  of  cooling;  with  proper  appliances,  the 
cost  of  the  cooling  water  then  being  the  cost  of  the  water  required 
to  make  up  the  loss  by  evaporation,  plus  the  interest  on  the  ooolhuj 
plant  and  the  cost  of  running  it.  Fig.  183  shows  diagrammatic-ally 
the  arrangement  of  a  condenser  and  a  cooling  tower.  The  dis 
applies  to  any  form  of  cooling  appliance,  if  the  fan  is  omitted. 


Cooling  Ponds 

The  simplest  form  of  cooling  apparatus  is  that  which  is  empl 
bo  largely  in  Lancashire,  in  connection  with  the  cotton  mills,  vu  | 
pond  in  the  neighbourhood  of  the  engine  house,  into  which  tin 
ing  water  is  discharged  after  passing  through  the  condenser,  and  from 
which  the  circulating  pump  takes  its  suction.  It  has  been  estimated 
that  cooling  ponds  used  for  the  purpose  must  have  a  store  of  4''* 
gallons  per  indicated  H.P.  and    that  they  should  have  a  surface 


iTR  87i.— Single-throw  Vortical 
SdwvdA'  Air  Pump,  by  Mirrleeti 
Vatson,  with  working  parts  being 
akeii  out  for  inspection. 


Pi, *tk  27  r.  XfarBa-tbrow  \TertIctJ  i-,«l  wards*  Air 
Pump,  with  working  putts  exposed.  Made  by 
tbe  Mirrlees  Watson  Co. 


ate  27c, — Mirrleos  Watson  standard  arrangement  of  Surface  Condensing  Plan!,  with 
rwo-tbrow  Edwards'  Air  Pump  and  Centrifugal  Circulating  Pump,  the  two  Pumps 
iriven  by  one  Electric  Motor,  as  shown.  [To  face  p.  368. 
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of  26  square  feet  par  indicated  H.P.  for  day  running  only,  and  52 
square  feet  for  day  and  night  running.  The  pond  or  reservoir 
should  be  divided  into  sections,  if  possible,  or  at  any  rate  it  should  be 
arranged  that  the  auctiou  water  for  the  condenser  shall  be  takeu 
from  a  point  as  far  as  possible  from  that  at  which  the  heated  water 
from  the  condenser  is  delivered,  and  where  possible,  battles  or  other 
obstructions  should  be  introduced  to  prevent,  the  passage  of  the 
heated  water  diroctly  to  the  suction  pipe  of  the  circulating  pump. 

The  cooling  of  the  water  in  the  cooling  pond  is  effected  by  (lie 
evaporation  which  takes  place  from  the  surface  of  the  pond,  and  it 
will  be  greatest  in  hot  weather,  providing  that  the  atmosphere  is  not 
heavily  impregnated  with  moisture.  Evaporation  takes  place  from 
the  surface  of  any  body  of  water,  directly  in  proportion  to  the  surface 
of  the  water  exposed,  and  also  directly  in  proportion  to  the  difference 
of  tension  of  the  vapour  issuing  from  the  water,  and  that  already  present 
in  the  atmosphere.  When  the  atmosphere  contains  only  a  small 
proportionate  quantity  of  moisture,  the  tension  of  its  vapour  will  bo 
comparatively  low,  and  evaporation  will  go  on  comparatively  freely, 
the  cooling  effect  being  approximately  10,000  heat  units  for  every 
gallon  of  water  evaporated.  In  the  muggy  weather  we  are  familiarwith, 
and  which  is  sometimes  common  in  summer,  the  mugginess  of  which  is 
due  to  the  saturation  of  the  atmosphere  with  moisture,  the  tension  of 
the  vapour  in  the  atmosphere  is  high,  and  it  may  be  so  high  in  com- 
parison to  that  of  the  vapour  emanating  from  the  surface  of  the  pond, 
that  no  evaporation  takes  place,  and  even  that  deposit  of  vapour  takes 
place  in  the  pond  from  the  atmosphere.  It  is  estimated  that  with  a 
good  reservoir  and  pipes,  one  gallon  of  water  per  indicated  H.P.  hour 
lost  by  evaporation  from  the  pond  while  the  engines  ore  running. 


Cooling;  Ponds  with  Nozzles 

An  extension  of  the  simple  cooling  pond  is  a  pond  in  which 
pipes  are  stretched  across,  slightly  above  the  surface  of  the  pond, 
usually  at  right  angles  to  each  other,  nozzles  being  placed  at 
intervals  above  the  pipes,  and  the  water  to  be  cooled  being  driven 
through  the  nozzles,  carried  up  a  certain  distance  into  the  attno- 
Hphere  in  the  form  of  a  spray,  and  falling  down  to  the  surface 
of  the  water.  The  nozzles  may  give  a  simple  spreading  motion, 
similar  to  that  of  the  rose  of  u  watering-pot,  or  they  may  give  a 
whirling  motion  by  passage  through  a  nozzle  having  a  screw  section, 
theJwhirliDg  motion  being  claimed  to  give  an  increased  spreading  to 
the  spray,  as  it  issues  from  the  nozzle.  The  object  of  spraying  the 
water  is  to  break  it  up  and  to  expose  the  individual  particles,  as  far 
as  possible  to  the  action  of  the  air  in  the  neighbourhood.     Air  has  a 

2  b 
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certain   capacity   for   moisture,   as  already   explained,    but    it    can 

exercise  this  capacity,  nnd  can  abstract  moisture  only  fan 
surface  of  any  body  of  water  with  which  it  is  in  contact  Eb 
the  case  of  a  pond,  evaporation  can  only  take  place  from  the  water 
on  the  surface,  while  when  the  water  is  formed  into  the  tine  spray. 
mentioned,  a  certain  amount  of  evaporation  may  talce  place  from 
each  of  the  particles  into  which  it  is  broken  up,  provided  that  the 
air  in  the  neighbourhood  is  not  already  saturated.  It  will  be 
understood,  of  course,  that  evaporation  is  going  on  from  the  surface 
of  the  pond,  above  which  the  nozzles  project,  as  well  as  from  tin 
spray  into  which  the  issuing  water  is  formed,  and  the  result  Simula 
he  i  hut  a  smaller  pond  should  be  able  to  do  the  work. 

A  further  extension  of  the  pond  and  spraying  nozzle  BMttwl 
which  is  sometimes  employed  is,  the  water  is  earned  in  pipes  to  a 
height  of  about  6  feet  above  the  surface  of  the  pond,  and  is  thero 
sprayed,  and  allowed  to  fall  in  jets  on  to  the  surface  of  the  pond. 
One  of  tbe  objections  to  spraying  water  in  the  manner  deseriM. 
which  applies  more  particularly  to  the  method  in  which  the  VftJ 
carried  to  a  considerable  height  above  the  surface  of  the  pom),  ii 
that  when  any  wind  is  blowing,  a  somewhat  serious  percentage  of  the 
water  is  carried  off  by  the  wind.     It  has  been  mentioned  that  the  air 
absorbs  moisture,  and  when  air  is  travelling,  as    when  a  wind  is 
blowing,  it  carries  the  moisture  it  absorlis  away  with  it.     The  inm>: 
south-west  winds  that  we  are  so  familiar  with  in  nearly  every  part 
of  these   islands,    are  striking   instances  of  this,  the  wind   having 
absorbed  moisture   from    the   sea   over  which   it   has    passed,  aad 
delivering  it  to  the  earth  when  it  arrives.     The  difficulty  may  be 
overcome,  and  is  in  later  forms  of  cooling  apparatus,  arranged  upon 
these  lines,  by  enclosing  the  pond  by  a  system  of  louvre  be 
fixed  between  uprights,  and  so  arranged  that  they  can  be  opei 
closed  at  will.     Louvre  boards  are  similar  to  Venetian  blinds. 
consist  of  thin  boards,  held  between  uprights,  and  arranged  to  BMffl 
from  a  horizontal  position,  when  air  passes  freely  between   tli 
the  position  in  which  they  lie  close  together,  like  slates  upon  a  root 
and  when  very  little  air  can  pass.     By  fixing  louvre  boards  all  roud 
the  pond,  or  on  those  sides  against  which  the  prevailing  winds  M  ii 
and  arranging  to  move  the  boards  as  required,  the  cooling  pl.int 
bo  controlled,  and  the  loss  minimized, 


Cool  ins:  Towers 

Another  method  of  cooling  the  circulating  water  is  by  the  ah 
what  are  termed  cooling  towers.     They  are  towers  of  various  f< 
and  of  various  designs,  but  all  have  the  one  thing  in  common. 
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Lhe  water  to  be  cooled  is  pumped,  either  to  the  top  of  the  tower,  or 
a  point  at  a  considerable  height  above  the  ground,  and  is  ther.j 
allowed  to  find  Eta  way  down  to  the  surface  of  the  ground,  but  in 
doing  ao  is  broken  on  into  as  tine  particles  as  possible,  and  d' 
the  course  of  its  descent  is  exposed  to  a  current  of  air,  the  air 

I  absorbing  moisture  in  the  form  of  vapour  from  the  descending  water, 
the  heat  necessary  to  convert  the  water  into  vapour  being  taken 
largely  from  the  water  itself. 


Cooling  Towers  without  Vertical  Draught 


The  simplest  form  of  cooling  tower  is  that  in  which  the  action  of 
the  wind  is  depended  upon  entirely  for  the  evaporative  and  cooling 
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Pio.  134.— Cooling  Tower,  for  Wind  Draught,  made  by  Messrs.  Bulclco  &  Co.  The 
Hoards  over  which  the  Water  drips  aro  Known  on  the  loft  of  the  Figure,  tho 
Louvre  Boards  on  the  right. 


effect.  In  this  form  of  tower  the  apparatus  for  breaking  Up  Qu 
water  into  fine  drops,  descriptions  of  which  are  ^tven  heluw.  is  built 
usually  on  top  of  a  building,  where  such  space  ia  available,  in  n 
rectangular  form,  and  in  the  later  patterns  is  surrounded  by  walls  of 
louvre  boards,  as  explained  in  connection  with  cooling  ponds.  The 
louvre  boards  aro  opened  and  closed,  according  to  the  force  of  the 
wind,  and  evaporation  takes  place  by  the  action  of  the  wind.  pass, 
ing  through  the  laths,  etc.,  used  for  breaking  up  the  water  into 
fine  drops,  just  as  iu  the  case  of  the  pond  with  vprajinfl  appa- 
ratus. The  objection  to  this  form  of  apparatus  is  similar  to  tlmt 
ruling  with  chimneys.  In  order  that  it  may  be  under  the  control  of 
the  engineer,  it  must  bo  made  large  enough  to  cool  the  necessary 
quantity  of  water  for  condensing  purposes,  under  the  conditions  of 
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largest  power  service,  and  also  under  the  conditions  of  lowest  i 
rating  ellect  in  the  atmosphere.     Il  is  doubled  by  many  engi 
whether  the  additional  cost  rendered  necessary  to  meet  those  con- 
ditions, combined  with  the  comparative  uncertainty  of  the  oodI 
the  evaporative  effect,  especially  where  wind  is  frequently  changing 
does  not  more  than  neutralize  the  additional  cost  of  otiin 
tfig.  184  shows  one  of  these  cooling  towers. 

In  the  more  frequent  arrangement  of  cooling  towers  a  draught  is 
provided,  carrying  the  air  through  the  body  of  the  tower,  very  much 
in  the  same  manner  as  a  draught  is  provided  for  a  boiler  furnace,  and, 
as  in  that  case,  there  are  two  methods  of  providing  the  draught.  It 
can  be  furnished  by  a  chimney,  or  by  fans.  Chimney  draught  is  less 
expensive  to  maintain,  and  also  usually  involves  a  smaller  capiul 
outlay,  but  it  has  the  same  limitations  as  chimney  draught  for  boiler 
furnace.  It  is  not  possible  to  increase  the  draught,  if  it  should  1* 
necessary  to  do  so,  beyond  the  capacity  of  the  chimney  to  furoieh 
the  draught,  and  it  is  also  subject  to  the  further  drawback,  common 
with  the  furnace  chimney,  that  the  state  of  the  atmosphere  outside  of 
the  chimney,  will  change  the  draught  inside  the  chimney. 


Chimney  Cooling  Towers 


As  explaiued  above,  the  chimney  cooling  tower  provides  tat  On 
passage  of  air  through  the  body  of  the  tower,  and  therefore  provider 
the  necessary  air  to  cause  evaporation  of  the  water  that  is  to  be 
cooled,  by  creating  a  difference  of  pressure  between  the  bottom  of 
the  tower  and  the  outlet  at  the  top  of  the  chimney,  and  this  d 
ence  of  pressure  is  created  as  in  the  boiler  chimney,  by  the  difference 
in  weight  between  the  column  of  air  in  the  chimney,  plus  that  in 
the  body  of  the  tower  itself,  and  the  equivalent  column  of  air  oi 
of  the  obimney.     In  the  case  of  the  cooling  tower,  there  is  n- 
high  temperature  available  that  exists  in  the  boiler  furnace,  and  it  is 
not  possible  to  produce  a  volume  of  hot  gases,  as  is  done  in  that  case, 
but  the  equivalent  is  obtained  by  the  air  which  has  passed  through 
the  body  of  the  tower,  and  which  has  come  in  contact  with  the  water 
that  is  being  cooled,  having  its  temperature  raised,  and  further,  bj  l 
portion  of  the  volume  previously  ocenpied  by  the  air  being  now 
occupied  by  the  vapour  of  water.     It  was  explained  in   the    first 
chapter,  that  the  different  heights  at  which  the  barometer  stands,  and 
which  weather-wise  people  have  come  to  regard  as  indicating  i 
wet  weather,  is  due  to  the  fact  that  when  moisture  is  present  in 
atmosphere,  it  displaces  au   equivalent  portion  of  air,  within 
given  space,  and  therefore  the  column  of  air  and  moisture  standing 
above   any  partioular  point  on  the  surface  of  the  earth,  where  a 
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barometer  may  bo  fixed,  will  decrease  as  the  percentage  of  moisture 
it  contains,  increases,  and  as  the  percentage  of  moisture  increases,  the 
probability  of  rain  also  in- 
creases. The  same  thing  ap- 
plies to  the  cooling  tower,  the 
increased  quantity  of  moisture 
present  in  the  air  within  the 
tower,  causes  it  to  be  lighter 
than  the  equivalent  column 
of  air  outside  of  the  tower, 
id  this  creates  the  necessary 
difference  of  pressure  lo  force 


l   i  r  • .  •   ,     ■  ■  ■ 


■ 


Fig.  186,— Section  of  Chimney  Cool- 
i  uk  Tower,  made  by  Measrs.  Baloke. 
The  Air  Ourront  is  in  tho  opposite 
direction  to  the  Water  Current. 
The  Chimney  is  of  Wood. 


Fio.  160.— Barnard  Chimney  Cooling  Tower. 
The  Cooling  Appliances  consist  of  Galvan- 
ised Iron  Mate,  arranged  vertically,  and 
tho  Chimney  in  of  Iron. 


the  air  through  tho  tower.    Tho  difference  of  pressure  in  the  chimney 
luliug   tower  is    usually  not  greal.      It  will  not  exceed   0'5  inch 
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water  gauge,  because  the  resistance  offered  by  the  oooling 
comparatively  small,  if  properly  designed.     A  frequent  arrant 
with  chimney  cooling  towers  is — The  lxxly  of  the  tower  when 
w&tex  ia  being  sprayed  is  oomperatively  Lose,  it  is  spread  o 
u  lo  cover  a  comparatively  1.  i    srhue   the  ohurmey  hi 

smaller  area. 

Ohimney  bowers  vary  in  form,  bu     ltq  built  on  very  much 


Fio.  187. — Another  form  of  Barnard  Chimney  Cooling  Tower 
through  the  Ceutru  and  out  at  the  Sides,  tli 
which  are  arranged  radially  round  the  Centre, 


Tbc  Air  mmm  op 
through  the  Ceutru  aud  out  at  the  Sides,  the  Water  trickling  over  tho  lUt», 


- 


same  lines.      The  tower  proper,  as  indicated  above,  in  which  tit. 
ratus    ia  held,    that  is  employed  to  spray  tho  water,  occupy 
lower  part  of  the  tower,  being  carried  up  to  a  sufficient  heag] 
occupying  a  sufficient  space  to  provide  For  treating  the  largest  quan- 
tity of  water  that  may  be  wanted  to  be  handled,  under  the  mori 
severe  conditions  of  work.     Above  the  cooling  tower  proi 
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chimney,  and  the  water  to  be  coolt.il  is  led  into  the  cooling  lower  lit 
the  base  of  the  chimney,  being  broken  up,  and  caused  to  trickle 
down  to  the  bottom,  as  already  explained.  At  the  bottom  of  the 
tower  are  entrances  for  the  air,  and  it  passes  up  through  the  spaces 
between  the  apparatus  employed  for  breaking  up  tire  water,  and  at 
the  top  of  the  cooling  portion,  passes  into  the  chimney,  and  away  to 
the  atmosphere.  Fig.  185  shows  a  section  of  a  cliiinuey  cooling 
tower  by  Messrs.  Balcke.  Figs.  186  and  187  show  Barnard  chimney 
cooling  towers, 

It  will  be  evident  that  the  height  and  size  of  the  chimney  must 
he  such  that  under  the  very  worst  conditions,  both  of  working  ami 
of  the  outside  atmosphere,  the  difference  of  pressure  created  between 
the  top  and  bottom  of  the  cooling  tower,  is  sufficient  to  cause  the 
necessary  quantity  of  air  to  pass  through  the  tower,  to  evaporate  the 
necessary  quantity  of  water.  It  should  bo  mentioned  that  this  is 
one  of  the  dilficulties  that  has  sometimes  arisen  in  connection  with 
the  use  of  cooling  towers.  The  engineer  who  bus  been  responsible 
for  the  design  and  fixing  of  the  cooling  tower,  has  nut  worked  as  he 
should  have  done,  to  the  worst  conditions  he  will  have  to  meet,  and 
consequently  in  muggy  weather,  for  instance,  when  the  outside 
atmosphere  is  comparatively  light,  the  draught  through  the  cooling 
tower  has  not  been  sufficient  to  cause  the  necessary  evaporation,  and 
the  cooling  water  has  not  been  sufficiently  lowered  in  temperature, 
the  vacuum  in  the  condenser  has  gone  back,  and  the  engiues  bavfi 
not  been  able  to  do  as  much  work  as  they  should  have  dona 


The  Cooling  Tower  with  Fan  Draught 


The  cooling  tower  with  fan  draught  i3  the  equivalent  of  the 
boiler  furnace  with  forced  draught.  The  tower  is  constructed  in  the 
usual  way,  and  draught  is  provided  by  one  or  more  fans,  fixed  near 
the  base  of  the  tower,  driven  by  any  convenient  source  of  power,  an 
electric  motor  being  a  favourite  one  in  electricity  generating  works, 
but  a  small  engine,  either  gas,  oil  or  steam,  or  a  strap  from  any  con- 
venient running  shaft  will  also  answer  the  purpose.  The  fan  draught 
tower  is  more  expensive  to  iustal,  and  it  is  neoessarily  more  expen- 
sive to  work,  because  of  the  power  employed  in  driving  the  fan ;  but 
it  has  the  great  advautage  that  it  is  completely  under  the  control  of 
the  engineer,  within  the  limits  of  the  capacity  of  the  fan,  and  even 
if  a  given  fan  proves  not  to  be  sufficiently  powerful  to  furnish  the 
necessary  draught,  it  is  not  a  great  matter,  in  the  majority  of  cases, 
to  remove  it,  and  fix  a  larger  one.  Fig.  1S8  shows  a  Balcke  fan- 
cooling  tower. 
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Apparatus  used  in  Cooling:  Towers 

The  arrangements  inside  cooling  towers   vary  \  -idernhly, 

according  to  the    ideas  of  the  di  tie  rent  inventors,   but   as    alreadi 


Water  mid 
Distribution  trouEhs—. 

Ci/c'ing  itatts 


Fio,  198.— Balcko  Fan-cooling  Tower, 


explained,  all  of  them  are  intended  to  accomplish  the  same  object — 
the  thorough  breaking  up  of  the  water  to  he  coolud,  iiuo  the  smallest 
possible  particles,  A  favourite  form  consists  of  a  mi  ml 
V-shaped  channels,  formed  something  like  the  gutters  thai  are 
employed  to  cany  off  the  rain  ou  the  outside  of  buildings,  tie 
gotten  being  placed  one  under  the  other,  and  the  water  being  all 
to  fall  gently  into  the  top  gutter,  to  very  gently  overflow  the  edge  oi 
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the  gutter,  trickling  down  the  outside  of  the  laths  of  which  the 
gutter  is  composed,  from  there  passing  on  to  the  inside  of  the  next 
gutter,  gradually  filling  that,  overflowing  down  the  outer  eides  on  to 

tthe  next,  and  so  on,  the  idea  being  that  by  overflowing  on  to  the 
outside  of  each  gutter,  and  trickling  down  as  described,  the  water  is 
broken  up  into  fine  dropa 

•  In  another  form,  a  number  of  wooden  gratings  are  placed  ono 
above  the  other,  sometimes  horizontally,  and  sometimes  at  a  slight 
inclination,  the  water  being  sprayed  gently  on  to  the  upper  grating, 
passing  through  the  holes,  and  overflowing  the  sides,  trickling  on 
to  the  undersides  of  the  first  grating,  thence  passing  to  the  second, 
trickling  over  it,  and  so  on  to  the  bottom.  To  be  of  service,  the 
holes  in  the  gratings  in  this  form  of  apparatus  must  be  small,  and 

»if  the  water  contains  any  deposit  of  any  kind,  it  tends  to  fill  up  the 
the  holes,  and  to  reduce  the  ability  of  the  gratings  to  break  the  water 
up  into  small  particles. 
Another  form  consists  of  iron  plates,  with  very  small  holes,  the 
water  being  allowed  to  trickle  gently  over  the  plates,  and  through 
the  holes,  the  plates  being  placed  une above  the  other,  and  a  variation 
of  this  is  a  series  of  wire  gratings  placed  either  horizontally  or  nearly 
horizontally,  the  mesli  of  the  gratings  being  fairly  close,  and  the  watfll 
trickling  over  and  through  them,  the  bars  of  the  gratings  tending  to 

•  break  i!  up, 
A  further  modification  of  this,  used  in  the  Barnard  cooling  las 
consists  of  a  number  of  galvanized  iron  mats,  plaited,  so  as  to  present 
a  large  surface,  with  a  number  of  holes  in  them,  the  mats  being  sus- 

*pended  vertically  in  the  tower,  in  rows,  the  rows  being  placed  under 
each  other,  as  shown  in  Figs.  186  and  187,  but  with  the  tops  of  the 
second  row  opposite  the  space  between  the  first  row,  successive  rows 

■  at  right  angles,  and  so  on,  the  water  in  thi9  case  trickling  over  1 1  it- 
surfaces  of  the  mats,  and  passing  from  one  mat  to  the  other,  down  to 
the  bottom  of  the  tower. 

Another  arrangement  consists  of  corrugated  or  fluted  iron  plates, 

I  sometimes  pierced  with  holes,  arranged  as  a  succession  of  inclined 
planes,  leading  from  side  to  side  of  the  tower,  the  upper  plate,  say, 
inclining  from  left  to  right,  the  second  one  from  right  to  left,  and  so 
on.  The  water  is  delivered  gently  to  the  top  of  the  upper  plate, 
over  whose  surface  it  trickles,  part  of  it  passing  through  the  holes, 
and  the  remainder  passing  to  the  bottom  of  the  plate,  and  nil  of  it 
passing  on  to  the  second  inclined  plate  over  which  it  trickles,  part 

(passing  through  it,  and  so  on. 
Another  method,  employed  by  the  Worthington  Pump  Co.,  con- 
sists of  a  series  of  short  hollow-glazed  earthenware  cylinders,  similar 
to  those  employed  for  drain  pipes,  stacked  in  rows  one  above  the 
other,  and  so  arranged  that  ihe  edges  of  one  row  are  over  the  middle 
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of  tlie  next  row,  a  ad  so  on,  the  water  beiriy  delivered  to  the  ed 
the  topmost  row,  and  trickling  down  over  the  surfaces  of  the  pipes, 

and   being  broken  op 
ns    it    ]  .o    the 

bottom   of  the  tower. 
Fig.     ISO      shows     a 
Worthington  fan 
ing   towcor    mad 
these  lines. 


A  Convex  Splash 

Bar  Cooling 

Tower 


TOWt^ 


Messrs. 


• 


,«-«  HOT  WATER, 


IweriON  TAh«\ 


son,  Weatgaitb   A  I 

liave   adopted    ■ 
form  of  appai 
breaking  up  the  v 
into  very  fine  spra< 
the  manner  dcsci  I 
above,  which  I 
called     then 
splash  bar,     Fm 
periments  which  they 
have  made,  they  state 
that  when    a  drop  of 
water  falls   on   to  an 
inclined   flap  bar,  the 
division  of    the   drop 
into  spray  is  compara- 
tively   slight       They 
colowate*.  aa/  further,  that  they 
find    that    a    di 
water  Galling  on  in  i 
horizontal     tint     bar, 
tends  to  break  Dp 
but   that  as   the    bar 


FiG.189.— Worthington  Fan-cooling  Tower,  showing  the    soon  becomes  wet   Olid 
Earthenware  Pipes  used  tor  brofctinK  up  the  Water   i ,  «,  _  ......    _. 

to  be  cooled.  *  holda  a  certain  qoantftj 

of  the  water  on  its  sur- 
face, a  bed  or  cushion  is  formed  for  the  later  falling  water,  which 
tends  to  neutralize  any  breaking  up  effect.  To  meet  this  they  have 
designed  a  bar  that  has  a  convex  surface,  and  the  makers  claim 
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the  drops  of  water  falling  ou  the  convex  surface,  are  broken  Op  as 
much  as  by  falling  on  a  liat  surface,  on  which  there  is  no  cushion, 
and  that  the  convex  surface  prevents  the  cushion  being  formed. 

The  natural  draught  cooling  towers  made  by  this  firm  are  about 
70  fuel  in  height,  the  chimney  portion  bttng  about  4."  feet  high,  the 
water  being  delivered  at  a  height  of    25  feet  to   the  distributing 

IlilllLjIlS. 

Construction  of  Cooling  Towers 

The  early  cooling  towers  were  constructed  of  wood,  mainly,  the 
author  believes,  because  it  was  desired  not  to  spend  more  money  than 
could  be  avoided,  in  what  was  in  those  days  experimental  work. 
Now  that  the  cooling  tower  has  thoroughly  established  itself,  it  is  still 
sometimes  constructed  of  wood,  but  iron,  steel,  and  even  stone  and 
brickwork  art-  largely  taking  the  place  of  wood.  Wood,  wln-u 
exposed  to  the  conditions  ruling  in  a  cooling  tower,  wet,  wind, 
weather,  and  sometimes  if  the  tower  is  out  of  use  for  a  time  lo 
diving,  does  not  last,  unless  the  wood  itself  is  carefully  chosen,  lias 
been  well  seasoned,  and  is  of  a  special  quality  that  will  withstand 
all  these  changes.  Farther,  wood,  if  the  tower  is  to  he  made 
sufficiently  strong,  to  continue  in  work  for  the  time  the  works  are 
running,  must  occupy  a  considerable  space.  That  is  to  say,  in  order 
to  provide  the  same  strength  as  with  iron,  steel,  or  even  stone  or 
brick,  the  masses  of  wood  employed  must  be  very  much  larger,  very 
much  more  clumsy,  and  must  occupy  considerably  larger  space.  In 
out-of-the-way  places,  where  appearance  is  not  of  importance,  and 
where  the  works  are  not  likely  to  run  for  a  considerable  time,  as  in 
the  case  of  a  mine  that  may  be  worked  out  ut  any  moment,  the  wood 
cooling  tower  is  all  that  can  be  desired,  and  is  probably  the  most 
economical.  But  for  the  coses  of  electricity  generating  stations  and 
other  works,  where  cooling  of  the  condensing  or  other  water  is  carried 
out  by  the  aid  of  towers,  and  where  nppearanco  is  of  importance,  and, 
still  more,  where  space  is  of  importance,  stone  or  brick  towers, 
and  still  more  steel  or  iron  towers  are  very  much  more  economical 
and  more  substantial. 

Cooling  towers  are  made  sometimes  rectangular  in  section,  some- 
times circular,  sometimes  of  other  forms.  The  circular  section,  as  in 
every  other  case,  is  probably  the  most  oonvenient,  and  the  most 
efficient,  though  it  is  very  difficult  to  construct  when  the  tower  is 
of  wood,  hence  the  fancy  for  rectangular  sections  in  wooden  towers. 
When  the  tower  is  of  iron  or  steel,  it  is  built  up  very  much  in  the 
same  manner  as  the  shell  of  a  Lancashire  boiler,  or  an  iron  or  steel 
ohimney,  of  rings  made  of  one  or  more  iron  or  steel  plates,  riveted 
together,  the  successive  rings  being  riveted   to  each  other,  the  hues! 
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1  IngH  being  arranged  with  a  flange  to  bolt  to  the  foundations,  and  the 
whole  being  tixed  very  much  on  the  lines  of  a  very  largo  chimney. 
An  aperture  is  cut  in  one  portion  of  the  side  of  the  tower,  in  which 
the  fan  is  placed. 

When  the  tower  is  constructed  of  stone  or  brick,  it  is  limit  rarj 
much  on  the  lines  of  a  large  low  chimney.  In  some  cases  the  Iowct 
portion  of  the  tower  is  built  of  stone  or  brick,  and  the  upper  portion 
of  iron  or  steel. 

The  different  portions  of  the  tower  must  be  stayed,  in  the  usual 
way,  and  provision  must  be  made  for  fixing  the  different  cooling 
arrangements  inside,  and  for  the  pipes  for  delivering  the  water,  etc. 

A  somewhat  favourite  form  of  cooling  tower  wiih  wood,  and 
sometimes  with  iron  structures,  is  of  rectangular  section,  with  u 
vertical  partition  dividing  the  tower  into  two  portions,  and  with  two 
separate  fans  or  other  provisions  for  furnishing  the  necessary  dr,: 
This  arrangement  allows  for  heavy  loads,  or  for  a  lowered  enV 
of  tho  tower  under  the  atmospheric  conditions  that  have  been  named. 
Thus  one  half  of  the  tower  can  be  employed  under  ordinary  working 
conditions,  and  both  halves  under  special  conditions,  the  two  halves 
being  used  alternately  to  keep  them  in  working  order.  It  will  Em 
noticed  that  in  all  arrangements  of  cooling  towers  where  v 
draught  rules,  the  air  current  and  the  water  current  are  in  opposite 
directions.  This,  as  already  explained,  is  the  rule  in  all  cases  0 
it  is  possible,  where  heat  is  to  be  abstracted  from  any  moving  body. 
The  coldest  air  entering  the  tower  at  the  bottom  meet**  the  coldest 
water  that  has  been  subjected  to  the  cooling  effect  of  the  evapo- 
ration that  has  been  taking  place  during  its  descent  through  tlie 
tower,  while  the  hottest  water  meets  the  warmest  air  as  it  enters  the 
tower.  It  will  he  understood  that,  as  with  the  cooling  ponds,  1 
certain  quantity  of  water  is  lost  by  evaporation,  and  is  carried  off  by 
the  draught  and  delivered  to  the  outside  atmosphere.  It  has  been 
estimated  that  with  properly  proportioned  cooling  towera,  the  loss  of 
water  varies  from  1*2  to  2'5  gallons  per  indicated  H.P.  per  hour, 
according  to  the  force  of  draught  employed.  It  will  be  understood 
again  that  the  quantity  of  water  evaporated,  and  therefore  the  cool- 
ing effect  produced,  varies  directly  with  the  velocity  of  the  air 
current  passing  through  the  tower,  that  is  to  aay,  directly  as  the 
draught.  Each  cubic  foot  of  air  properly  applied  absorbs  a  certain 
quantity  of  watery  vapour,  and  therefore  the  higher  the  velo< 
the  air,  the  greater  is  the  absorption  of  vapour.  This,  however 
applies  up  to  a  certain  point,  though  the  actual  limit  has  not  yet  been 
determined. 
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Belt,  buw  power  is  transmitted  by,  262 
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Boiler  feed  pumps,  electrically   driven, 

Boiler  shells,  riveting,  62 

172 

]   Boiler,  Stirling  drums  of.  86 
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Boiler,  Stirling,  superheater,  66 
Boiler,  Thoruycrott  Marahall,  100 
Boiler,  Thoraycroft-Schultz,  100 
tube  cleaners,  turbine,  131 
Boiler-tube  cleaner,  Wyulaud,  150 
Boiler-tube  cleaning  by  steam  jet,  151 
Boilers,  vertical,  iraall,  104 
Boiler  water  gauge,  construction  of,  151 
Boiler,  water-tube,  Atlas  IHHJ 
Boiler,  water-tube,  Babcock,  82 
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Boilers,  water-tube,  circulation,  81 
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Boilers,  water-tube,  funiuee  of,  32 
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Boiler,  water-tube,  Marshall,  91 
Boiler,  water-tube.  Nesdruw,  87 
Boiler,  wator-tubo,  Stirling,  841 
Boiler,  water-tube,  Taylor,  104 
Boiler,  water-tube,  Ukornfaroft,  99 
Boiler,  water-tube,  Wood,  92 
Boiler,  wator-tube,  Woodeson,  88 
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Boiler,   working,  effoct    of    scale   upon, 
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Boiling-point,  variation  uf,  18 
Boiling-point    of   water    and  bodies    in 

mechanical  suspension,  SI 
Boiling-point  of  water  and  dissolved  sub- 
stances, 21 
Boiling-point  of  water  at  various  alti- 
tudes, 20 
Boiling  temperature,    increase    of,  with 

pressuro,  21 
Brake  horse-power,  319 
Brake  horse- power,  measurement  of,  220 
Brass  and  Iron,  expansion  of,  0 
Brasses  in  compression,  Wiiluns  engine, 

283 
Brickwork  with  water-tube  boilers,  78 
Bridge  in  furnace  grates,  107 
Bristol's  thermo-electric  pyrometer,  9 
British  Corporation,  explanation  of,  63 
British  Corporation  formula  boiler  fur- 
nace, 65 
British  thermal  unit,  definition  of,  13 


unit    and    tho    horu- 


British    thermal 

power,  15 
Brooke's  steam  trap,  const  r. 
Brooke's  steam  trap,  operation  of.  931 
Brotherhood  engines, construed 
Browett  engines,  construction  of 
Brown  coals,  composition  of,  41 
Brown,  John,  cambered  boiler  furnaes, 

66 
Brown,  John,  Improved  boiler  furnace,  65 
Brunn-Loweuer  water  sof  ton 

tiou  of,  1 
Brush-Parsons  turbine,  300 
Brush-Parsons  turbine  bearings,  301 
Brush.Paroons  turbine,  control  of  steam. 

to,  301 
Bucket  air  pumps,  S6G 
Buckot  in  Edwards  air  pump,  366 
Buokots  of  steam  turbines,  forms  of, 
Building  up  boiler  shells,  61 
Bulkley  barometric  condenser,  345 
Bums  ted  engine,  double  acting.  237 
Bumatod  engine,  forms  of,  230 
Bumsted  engine,  lubrication  of,  236 
Burnt  ted  engine,  single  acting,  296 
Bumsted  higb  speed  engine,  336 
Bureau  Veritas  formula,  boiler 

65 
Bureau  Veritas,  powers  of,  03 
Burning  liquid  fuel,  apparatus,  19,  1 
Burning  refuse,  boiler,  Galloway,  70 
Burning  town's  refuse,  113 
Burning  town's  refuse,  draught  with,  lit 
BjU  juiuts  boiler  shells,  Gl 
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Calorie,  14 
Calorific  power,  explanation  of,  38 
Colorific  value  of  bagasse,  43 
Calorific  value  of  blast  furnace  gas,  51 
Calorific  value  of  ooke-oven  gas,  £1 
Calorific  value  of  corn,  46 
Calorific  value  of  cotton,  46 
Calorific  value,  effect  of  nitrogen 
Calorific  value,  explanation  of, 
Calorific  value  formula,  Dal 
Calorific  value  of  gas  tar,  48 
Calorific  value  of  natural  gi. 
Calorific  value  of  prodncer  gi* 
Calorific  value  of  spent  tan,  4o 
Calorific  value  of  straw,  45 
Calorific  value  of  towu's  refuse,  113 
Calorific  value  of  wood,  15 
Calorimeter,  Thomson's,  44 
Calorimeters,  description  of,  44 
Calorimetry,  explanation  of.  44 
Cannel  coal,  composition  of ,  41 
Capacity  of  air  for  water  vapour,  law 


. 
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and  oxygon,  combustion,  87 
lates  and  hi -carbonates  in  water,  33 
Carbonate  of  calcium  in  wat*r,  33 
Carbonate  of  magnesium  in  water,  33 
Car  bona  ting    water    In    Arohbutt-Deely 

apparatus,  184 
Carbonic  acid  and  hoat  absorption,  11 
Carbonic  acid,  hoat  liberated  m  forming, 

HS 
Carbonic  acid  and  water,  33 
Carbonic  oxide  and  heat  absorption,  11 
Carbonic  oxide,  hoat  liberated  in  forma- 
tion of,  38 
Care  of  economizer s  in  frosty  weather,  163 

Bfc'fl  law  of  heat  engines,  36 
Carter's  economizer,  construction  of,  100 
Cause  of  waste  in  domestic  lire  grate,  bi 
Celsius  scalo,  4 

Centigrade  scalo,  divisions  of,  1 
Centigrade  scale,  limits  of,  I 
Central  condensing  plant  with   cooling 

v*\  condensing  stations,  848 
I  1  ntral  condensing   stations,  operation 
of,  340 

I  Central  Engineering  Co. 's  evaporator,  205 
■    pressure  stop  valve,  Hopkinson, 
257 
Central  procure  stop  valve,  operation  of, 
257 
Central  valve  engine,  Willans,  382 
Centrifugal  fan,  construction  of,  146 
Centifrugal-  fan,  pressure  in,   how  pro- 
duced. 146 
Centrifugal  pump  for  condenser,  363 
Chain-grate  mechanical  stokers,  124 
Chart  of  Simmanoo  recorder,  211 
Chemical  action  in  combustion,  37 
Chemical  rays,  8 

Chimney  cooling  tower,  Baloku,  373 
Chummy  couliug  tower,  Barnard,  873 
Chimney  cooling  towers,  forms  of,  374 
Chimney  cooling  lowers,  height  of,  875 
Chimney  oooling  towers,  operation  of,  872 
1  hiraney  cooling  tower,  pressure  in,  873 
Chimney  cooling  towers,  sizes  of,  375 
Chimney  draught,  explanation  of,  127 
(  hunnoy  draught  and  motive  column,  128 
Chimney  draught,  seasons,  effect  of,  135 
(  himney  draught  and    temperature   of 

outBide  air,  134 
Chimney    gases,    tompcratuxe    of,   with 

forced  draught,  140 
Chimnev,    height    of,    and    intensity    of 

draugnt,  137 
Chimney  pressure,  with  different  tem- 
peratures outride,  134 
Chimuev,  temperature  of  hot  gases  in, 

129 
Jhimnoy,  testing  flue  gases  in,  905 


Chimneys,  Alphonso  Cuatodis,  186 
Chimneys,  boiler,  construction  of,  187 
Chimneys,  boiler,  forms  of,  137 
Chimneys,  circular,  advantages  of,  137 
Chimneya,  circular  and  other  forms,  137 
Chimneys,  offocttvo  area  of,  135 
Chimneya,  foundations  of,  188 
Chimneys,  boight  of,  182 
Chimneys,  height  of,  Kent's  table  for,  135 
Chimneys,  Ions  of  energy  in,  181 
Chimneys  and  radial  bricks,  138 
Chimneys,  requirements  of,  131 
Chimneys,  sectional  area  of,  132 
Chimneys,  standard  for.  Prof.  Thurstoo. 

182 
Chimneys,  steel,  construction  of,  138 
Chimneys  and  water  tanks,  138 
Chlorides  and  water,  83 
Circular  chimneys,  advantages  of,  187 
Circular  and  other  forma  of  chimney, 

proportion  between,  137 
Circulating  pump  for  surface  condenser, 

831 
Circulating  pump,  variation  of  *pued  for 

condenser,  863 
Circulating  water  for  condensers,  oooling, 

891 
Circulating    water,    velocity    of,     Prof. 

Weightou,  862 
Circulation    in    boilers    by    com. 

currents,  54 
Circulation  in  boilers,  explanation  of,  54 
Circulation  in  boilers,  importance  of,  64 
Circulation  of  water,  Climax  boiler,  \-iu 
Circulation  in  water-tube  boilers,  81 
Classes  of  steam  turbine,  288 
Cloaning  deposit  from  economizer  tube*. 

159 
Cleaning  of  Altar  in  Rcisert  water  soft- 
ener, 186 
Clearance  in  Rateau  turbine,  316 
Clearance  in  Zoelly  turbine,  311) 
Climax  boiler,  construction  of,  08 
Climax  boiler,  course  of  hot  gases,  'J".) 
Climax  boiler,  feed  water  heater,  00 
Climax  boiler,  steam  drum,  'JD 
Climax  boiler,  water  circulation,  99 
Climax  boiler,  water  tubes  of,  98 
Climax  water-tube  boiler,  79,  98 
Closed  ashpit  svntem  of  forced  draught, 

139 
Closed  ashpit  system,  objections  to.  LBfl 
Closod  firo  room  system  of  forced  draught 

189 
Closed    stoke-hole     system     of     forced 

draught   111 
Clouds,  formation  of,  32 
Coal,  description  of,  89 
Coals,  differences  between,  42 
Coal  dust  burning  apparatus,  110 
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Coal  dual  burning  apparatus,  C\vlon.\  1 1 1 
Coal  dust  burning  apparatus,  Bcbwarta- 

kopff,  111 
Coal  dust  furnace,  Muldrum,  110 
Coal,  forma  of,  40 
Coals,  gradation  of,  dl 
Coal  saved  by  condensing,  Richard  Allen, 

355 
Coals,  volatile  mutter.  42 
Cochrane  vacuum,  oil  separator,  105 
Coke  ovon  gas,  calorific  valuo  of,  51 
Coko  ovou  gas,  production  of,  51 
Coksr  mechanical  stokers,  rams  of.  1 1  I 
Coker  mechanical  stokers,  shovels  of,  119 
Coker  stoker,  Muldrum,  119 
Coking  mechanioal  stokers,  117 
Colliery  refuse  destructor,  Moldrum,  114 
Colliery  refuse,  furnace,  Meldrum's,  70 
Column  of  air  above  the  earth,  weight  of, 

18 
Combination  of  exhaust  and  live  steam, 

935 
Combinod  boiler,  construction  of,  76 
Combined  oondenser  and  pump  plant, 

wic.-i.-r,  387 
Combined     Cornish    aud    multitubular 

boiler,  76 
Combined  stop  and  safety  valve,  156 
Combustion,  chemical  action,  37 
Combustion,  combination  of  carbon  and 

oxvgtm,  'M 
Combustion  in  domestic  fire  grate,  53 

I  ustion  fuel  in  furuaoo,  37 
Combustion,  volume  of  gases  produced 

190 
Comparison  ol  mean  pressures  with  vary. 

ing  cut-offs,  215 
Composition  of  bituminous  coals.  41 
Composition  of  blast  furnace  gas,  61 
Composition  of  brown  ooals,  41 
Composition  of  canncl  coal,  41 
Composition  of  gas  tor.  48 
Composition  of  natural  gas,  52 
Composition  of  peat,  40 
Composition  of  petroleum,  46 
Composition  of  producer  gas,  50 
Composition   of  semi -bituminous  coals, 

41 
Composition  of  wood,  44 
Compound  condensing   engine,   tandem 

liuri/.utilal,  224 
Compound   Corniau  boiler,   Frasor   and 

Chalmers,  76 
Compound     engines,    arrangoment    of, 

Willans  engine,  234 
Compound  engine,  couth  of  abeam  with, 

821 
Compound  engines  doscribod,  221 
Compound  ougiaes,  horizontal,  arrange- 
ment of,  339 


Compound  angina,  propoitfon 

ders  in.  Ml 
Compound   engine,  tandom,   horizontal, 

223 
Compound  pressure  turbines,    con 

tion  Ol,  9 
Compound  vertical  engines,  arrangement 

of,  239 
Compound  vertical  engine,  uuenolosod, 

225 
Compounding  in  pressure  frur 
Compressed  air,  and    beat    in    vVUlant 

engine,  234 
Compressed  air  machinery,  engines  for 

driving,  239 
Compressing  air,  work  in  Willans  engine, 

231 
Condensation  in  cylinder,  with  expaurivi 

working.  215 
Condensation  of  water  vapour 
Condensed  water  for  feed,  object  i 

199 
Coiidonsor,  air  pump  capacity,  RieharJ 

Allen,  856 
Condenser,  barometric, cooling  wa* 

346 
Condenser,  barometric,  course  of  steam 

in,  345 
Condenser,  barometric,  course  of  wait* 

in,  345 
Condenser,  barometric,  operation  i 
Condenser,  centrifugal  pump  for.  363 
Condensers,  circulating  water  for,  cool- 
ing, 367 
Condenser,  Contraflo,  838 
Condeuser,  cooling  surface,  and  I.HI 

351 
Cundenser.     cooling     UUfaeft,     Ricl 

alien,  060 
Coiidonsor,  counter-current,  jet.  340 
Condonsor,  dry  air  pump  for,  365 
Condenser    efficiency.    Prof 

361 
Coudenser,  ejector,  operation  of,  843 
Condenser  employed  bv  Prof 

360 
Condenser  experiments,  Uiohard 

852 
I  )i  bu  tonaara,     experiment* 

Weighton,  360 
Coudenser,  evaporative,  Fraser.  335 
Condensers  fixed  in  Lanes,  n 

241 
Condenser,  jet,  air  pump  for,  340 

I lanaar,  jet,  Balafca,  840 

Condeuaer,  jet,  counter  current,  340 
Condenser,  jet,  Win  lnris  Wateiiji.  341 
Condenaar,  j.  t,  paralb  1  oum  al  NO 
Condenser,  jot,  pumps  for,  810 
Loudcnsar,  jot,  vorsua  inxfaa 
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Oondn  o  [ton,  \«  loaHy  of 

steam  in,  343 
Condenser,  operation  of,  330 
OoBfc&Mt,  plunger  pumps  for,  863 

users,  pump    f*-r.    '■': 
i  landaiiasr,  pump  and  eloettks  motor,  868 
Condenser  and    pump   plant  oomhined, 

Wheeler.  837 
Condenser  with  solid  wooden  cores,  3G0 
Condensers,    surface,    for    the    bods    of 

streams,  333 
Condenser,  surface,  construction  of,  331 
Condenser,    surface,     evaporative,    con- 
struction "f,  334 
Condon  sera,  surface,  open  tank,  333 
Condenser,  aurfaco,  Whoolor,  336 
Condenser,  use  of,  830 
Condenser  foruse  with  Da  Laval  turbine, 

309 
Condenser,  velocity  of  circulating  water 

in,  Prot  Weigh  ton,  862 
Condenser,  velocity  of  cooling  water  in, 

Condensing,  coal  saved  by,  Richard  Ulan. 

355 
Condensing  oooling  water,  quantity  of, 

349 
Condensing,  cooling  water  required  for, 

l'rof.  Weighton,  8fil 
Condensing,  economy  of  with  different 

steam  pressures.  367 
Condensing      irngiae,      cross-compound , 

horir-ontal 
Co  ud  fusing  plant,  central,  with  cooling 

tow.r 
Condensing    plant,   power  absorbed   by, 

367 
Condensing  plant,  steam  consumption, 

Riohard  Alien,  855 
Condensing    stations,    control,   arrange- 
ment of,  343 
Condensing  stations,  central,  operation 

of,  349 
Condensing,  triple -expansion  mill  engine 

hori&ontat,  340 
Condensing  and  turbines,  327 
Conditions  of  matter  explained,  17 
Conduction  of  heat,  9 
Conductive  powers  of  metul,  11 
Conductivity,  thermal,  definition  of,  11 
Conductivity  thermal,  of   flnoly  divided 

(ubatanoos,  13 
Connection  of  trap  to  stfam  service,  28(1 
Constant  ratio  of  refraction,  3 
Consumption  of  steam,  De  Laval  turbine, 

803 
Consumption,      hteam,     with     different 

vacua,  Richard  Alien,  353.  354 
Consumption  of  steam  in  vacuum  aug- 
mented 343 


Contraction    and    expansion    of    ibwm 

pipes,  273 
C"iitraflo  eoudentmr,   course  of  cooling 

water  in,  339 
Contraflo  condenser,  oourao  of  iteuio  in, 

BH 
Contraflo  condonstir.  operation  of.  33'J 
Contraflo  condenser,  vapour  distribution 

chambers  In,  339 
Control-of  air  by  flue  dampers,  148 
Control  of  steam  for  Brush-Parsons  tur- 
bine, 308 
Control  of  steam  supply  by  governor,  243 
Control  of  steam  supply  by  stop  valve,  248 
Convection  currents,  0 
Convection  currents  in  boilors,  54 
Convenience  water-tube  boilors  for  trans- 
porting, 81 
Conversion    of    potential    into    kinetic 

energy,  289 
Convex  aplasb  bars  for  oooling  towers, 

378 
Cooling  circulating  water  for  condensers, 

367 
Cooling  the  cooling  water,  833 
Cooling  effect  of  evaporation  of  water. 

335 
Cooling  of  furnace  bars  by  steam  jot 
Cooling  ponds,  evaporation  from,  B68 
Cooling  ponds  and  Lanes,  cotton 

338 
Cooling  ponds,  louvre  boards  for,  370 
Cooling  ponds  with  nozzles,  369 
Cooling  aurface  i  n  condenser  per  1 . 1 1 . 1'  . 

352 
Cooling  surface   in  eondens-T,    ftirhard 

Allen,  S5C 
Cooling  towers,  870 
Cooling  towers,  apparatus  used  in 
Cooling  tower  and  central   eond. 

plant,  850 
Cooling  tower,  chimney,  Bolcko.  373 
Cooling  tower,  chimney,  Barnard,  373 
Cooling  tower,  chimney,  height  of,  375 
Cooling  tower,  chimney,  siso  of,  376 
Cooling  towers,  construction  of,  9T9 
Cooling  towers,  convex  splosh  bars  for, 

878 
Cooling  towers,  corrugated  iron   plates 

in,  377 
Cooling  towors,  course  of  air  in,  380 
Cooling  towers,  course  of  wat*>r  in.  :im  ) 
Cooling  towers,  duplicate,  380 

tag  tower  with  fan  draught,  375 
Cooling  towers,  forma  of,  379 
Cooling  towers,  galvanized  iron  mats  In, 

377 
Cooling  towers,  iron  for,  379 
Cooling  towers,  iron  plates  in,  377 
Cooling  tower  and  jet  condenser,  340 
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Cooling  lowers,  loss  of  wnter  In,  380 
Cooling  towers,  operation  of,  871 
Cooling  towera  without  vortical  draught, 

protection  of,  371 
Cooling  towers,  wood  for,  879 
Cooling  towers,  wooden  grating*  in,  377 
Cooling  tower,  Worthington  Co.,  377 
Cooling  water  for  barometric  oondenser, 

848 
Cooling  water  for  condensing,  quantity 

of,  349 
Cooling  water,  heat  absorbed  by,  333 
Cooling  water  with  high  vacua,  351 
Cooling  water,  limiting  temperature  of, 

332 
(.'idling  water  required  with  condensers, 

formula  for,  851 
Coaling  water  required  for  condensing, 

Prof.  Weighton,  301 
Cooling  water  required    with    difTcront 

vacua,  Kichard  Allen,  356 
Cooling  water  required  and  initial  tern- 

pernturo,  351 
Cooling  water  velocity  in  condenser,  352 
COf  recorder,  8arco,  208 
CO,  recorder,  Simmanoo,  210 
Cork,  properties  of,  11 
Corliss  valve,  242 

-  valve,  description  of,  201 
Corliss  valve  and  eooentrio  rod,  252 
Corliss  valve,  operation  of,  251 
Corliss  valve,  wriat  plate  of,  252 
Corn,  oalorifie  value  of,  46 
Cornish  boilers,  construction  of,  60 
Cornish  boilers,  description  of,  55 
Cornish  boiler*,  ends  of,  G2 
Cornish  boilers,  external  furnaces,  69 
Cornish  boilers,  firing,  69 
Cornish  boiler  flues,  56,  63 
Ornish  boilers,  furnace  grates,  107 
Cornish   boilers,  hot  gases,  passage  of, 

66 
Cornish  boilore,  sotting,  68 
Cornish  boilers,  sixes  of.  69 
Cornish  boilers,  steam  space,  58 
Ornish  boilers,  water  iu,  68 
Cornish  and  multitubular  boiler,  70 
Cornish  pumps,  driving,  260 
Cornish  pumping  engines,  913 
Cornish  valve,  242 
Cornish  valves,  description  of,  250 
Cornish  valve,  operation  of,  251 
Cornish  versus  Lauos.  boiler,  GO 
Corrugated  boiler  flues,  64 
Corrugated  boiler  furnaces,  64 
Corrugated   boiler   furnaces,  advantages 

claimed  for.  65 
Corrugated  Iron  plates  in  cooling  towers. 

377 
Corrugated  tube,  Wainwnght,  166 


Cost  of  circulating  water.  Prof.  Weighton, 

869 
Cost  of  producing  forced  draught, 
Cost  of  water  for  condensing,  368 
Cotton,  calorific  value  of,  46 
Counter-current  jet  condensers,  340 
Cranks,  arrangement  of,  Willans 

238 
Crank,  construction  of,  960 
Crank,  dead  points  of,  261 
Cranks  and  double-cylinder  engine*.  961 
Crank,  length  of  radius  of,  26 i 
Crank,  operation  of,  261 
Crank  shaft  and  belt  driving,  262 
Crank  shaft  and  direct  driving,  269 
Crank  shaft,  governors  on  end  of. 
Crank  shaft  and  piston  rod,  260 
Crunk  shaft  and  rope  driving,  90S 
Crank  shaft,  source  of  power,  981 
Crank  shaft,  use  of,  260 
Crunk  shaft,  steam  volvoe  worked  fi 

262 
Crank  shaft  works  eccentric-. 
Cranks,  and  ihree-cylinder  engines. 
Critical  spued  of  Do  Laval  turbine 
Critical  temperature  of  steam.  23 
Critical    temperature   of  water   with 

joetor,  I7H 
Criton soflcuor.  measurements  of : 

iu,  184 
Criton   water   softener,  construct! 

181 
Criton  water  softeuer,  filter  in,  185 
Criton  water  softener,  operation  nf.  Lftf 
Criton  water  softener,  reagents  used  in. 

184 
Criton  water  softener,  settling  tank,  lftS 
Crompton's  thermo-electric  pyroi 
Crosby  steam-engine  indicator,  270 
Cross  compound  condensing  engi> 

zontal.  Hi 
CurtU  turbine,  arrangement  of,  311 
Curtis  turbine,  bearings  of,  811 
Curtis  turbine,  construction  of,  900 
Curtis  turbine,  course  of  4team  in,  310 
Curtis  turbine,  electric  controller  with. 

311 
Curtis  turbine,  form  of,  311 
Curtis  turbine,  governor  of,  311 
Curtis  turbine,  lubrication  of,  Mil 
Curtis  turbine,  separate  stages  in.  308 
Curtis  turbo  generator,  test  of.  313 
Curved  surfaces,  reflection  by.  3 
Cut  off  with  steam  engines,  214 
Cyclone  coal  dust  burning  apparatus, 
Cylinder,  air,  Willans  engine,  289 
Cylinders,  arrangement  of  triple-ei 

sion.  Willans,  234 
Cylinders  of  compound  engine*.  Wi 

engine,  284 


Cylinder  condensation    with    expansive 

.ius,  215 
Cylinder  condensation ,  methods  of  curing, 

317 
Cylinder*,  proportion  of,  in  triple-axp&n- 

rioo  w\flinwii  MM 

Cylinders,  steam,  wanning,   on  start'iu^ 

Cylinder*  iu  triple-expansion  engine*,  226 
Cylinder  walls,  temperature  with  expan- 
sive working,  217 


I  tampers,  boiler  flue,  148 
Pumper  regulators,  automatic,  149 
Damper  regulator,  Lagonda,  149 
Damper  regulator,  Locke's,  150 
"Daring"   typo  boilor,  construction  of, 

101 

II  Daring  "  typo  boilor,  courw  of  hot  gasoi 

In,  102 
"  Daring  "  type  boilor,  drums  in,  102 
"  Daring"      type      Thorn  yoroft-Schultx 

boiler,  101 
Davoy-Paxmon  boilers,  headers  in,  91 
I  (avey-Paxman  boiler,  mud  drum,  91 
Davuy-Paxman  joint,  boiler  flues,  64 
Davoy-Paxuiau  multitubular  boiler,  72 
Dftvcy-Paxniaii's  water-tube  boilor,  91 
Davie*  and  Metcalfe's  injector,  176 
Davis-Perrett  apparatus,  sizes  of,  199 
Davis- Perrett's  electrical  sniuUiner,  198 
Dead  point*  of  a  crank,  261 
Dead-weight  safety  valve,  1&4 
Decreased   pressure,    increase    of  latent 

boat,  28 
Definition  of  absolute  pressure,  23 
Definition  of  British  thermal  unit,  13 
Definition  of  gauge  pressure.  22 
Definition  of  specific  heat,  13 
Degree  of  hardness,  explanation  of,  180 
Degrees  of  humidity  of  air,  98 
Degree  of  superheat,  WOO 
Do  Laval  turbine,  coudonaer  for  uw  with, 

BOO 
Da  Laval  turbine,  construction  of,  301 
De  Laval  turbine,  consumption  of  steam, 

302 
De  Laval  turbine,  critical  speed,  !»03 
De  Laval  turbine  disc,  velocity  of  steam 

impinging  on,  302 
Do  Laval  turbine,  expansion  of  steam  hi, 

801 
De  Laval  turbine,  flexible  shaft  in,  308 
De  Laval  turbine,  gearing  of,  80S 
De  Laval  turbine,  government  of,  808 
De  Lavul  turbine,  uoiszlos  iu,  301 
De  Laval  turbine  pumps,  tests  of,  808 


De  Laval  turbine,  settling  of  the  wheel, 
900 

De  Laval  turbine,  speeds  of,  306 

De  Laval  turbines,  tests  of  at  different 
loads,  808 

De  Laval  turbine,  transmitting  power. 
306 

Do  Laval  turbino  wheel,  speed  of,  302 

Deposit  on  economizer  tubes,  \;>Q 

Deposit  of  salts  in  economizer  tubes,  160 

Description  of  calorimeters,  44 

Description  of  coal,  39 

Description  of  compound  engines,  221 

Description  of  Cornish  boilers,  66 ' 

Description  of  Cornish  valves,  960 

Description  of   double-cylinder  engines, 
220 

Description  of  eccentrics,  246 

Description  of  Lancashire  boilers,  56 

Description  of  peat,  40 

Description  of  slide  valve,  2-13 

Description  of  steam  boilor,  53 

Description  of  Wheoloek  valve,  242 

Dearumaux  water  softener,  construction 
of,  190 

Desrumaux  water  softener,  operation  of, 
l'Jl 

Desrumaux    water    softener,    revolving 
wheels  in,  190 

Detroit  boiler,  construction  of,  96 

Detroit  water-tube  boiler,  95 

Dew,  formation  of,  81 

Diagrams,  Bristol's  thermo-electric  pyro- 
meter, 9 

Diagrams,   Cruiupton's    thermo-electric 
pyrometer,  8 

Diaphragms  in  Bateau  turbine,  316 

Differences  between  cools,  42 

Difference    in    construction    of    econo- 
mizers, 161 

Difference  between  QXpausiou  and  thruttlu 
governing,  268 

Difference  between  prcssuro  and  impal&e 
turbines,  291 

Difference  of  temperature  and  efficiency 
of  boiler,  87 

Difference  of  temperature  aud  effiotalQt 
of  plant,  37 

Difference  between  water-  and  fire-tubo 
boilers,  77 
j   Difficulties  of  lubrication  of  high-speed 
engines,  240 

Direct  driving  and  crank  shaft,  262 

Disadvantages  of  multitubular  boilers,  71 
I  Dissolved  substances  and  boiling-point  of 
water,  21 

Dissolved  substances  and  freezing-point 
.       of  water,  21 

{   Distilled  water  and  exhaust   from   tur- 
bines, 329 
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.iting  valves  of  high-speed  engines, 
281 

Lousing  valve,  Willans  engine,  282 
Distribution  of  -itcom  by  pipes,  273 
Dividing  cm  oyliudftM  for  expansion,  917 
i>  .■■"]> ion  of  loud  Imiwecn  rope*.  364 
Dome&liu  fire-grate,  cause  of  waste,  54 
Domestic  fire-grate,  combustion  in,  53 
jc  fire-grate,  west   A  beat  in,  51 

Domestic  tea  kettle,  65 
Domestic  thermometer,  G 

j  boiler  for  bed  pumps,  172 
Doom  of  boilor  furnaces,  108 
Double-acting  Buinsted  engine,  287 

belt,  formula  for,  264 
Double-cylinder  engines  and  crunk*,  961 
I>j  ii'V-i  ylmder  engines  described,  220 
Double  ported  slide  valve,  construction 

of,  245 
Double- portod  alido  valve,  operation  of, 

345 
Double  tubes  in  tturfaco  condenser,  S37 
Dou!  ton's   water  softener,  construction 

uf,  188 
Doultou'o  water  softener,  operation  of, 

Drainogo  of  ateam  pipes,  278 
Draught  in  burning  towns  refuse,  114 
Draught,  fan,  and  cooling  towers,  S75 
Draught,  forced,  explanation  of,  139 
Draught,  regulation  of,  with  economizers, 

L8fl 
Draught,  pressure    of    air    creating,  in 

boUW  furnace,  28 
1  milium'  as  fuel,  4t"> 
Drilling  boiler  shells,  ei 
Driving  early  Cornish  pumps,  200 
I  >di  ing  expansion  governor,  268 
Driving   pulley  of  Lance,  mill  engines, 

BA1 
Driving  rones  of  Linen  mill  engines,  241 
Driving  side  of  belt,  90S 
i  M9 

Drop  valves,  operation  of,  210 
Drop  valves,  piston,  250 
I  trop  valves,  tripping  gear  for,  249 
Druitt,  Hatpin's  thermal  storage,  8  JT 
Drums  in  Atlas  boiler,  S3 
Drums  in  "  Daring  "  typo  boiler,  102 
Drums  in  Sinclair  boiler,  06 
Drums  of  Stirling  boiler,  66 
Drums  in  Suckling  boiler,  93 
Drums  in  Thornycroft-Scnulti!  boiler,  100 
Dry  air  pump  for  condenser,  365 
Dry  air  pumps,  two  stage,  3G5 
Dry  air  a.-i  a  thermal  insulator,  12 
Di\-baok  boilor,  72 
Dry-hack  boiler,  construction  of,  74 
Dry  steam  and  lubrication,  231 
DuluugV  formula  for  caloriliu  value,  39 


Duplicate  cooling  towers,  380 

Mil  burning  apparatus,  110 
Duat  settling  apparatus,  towns' rcfusa,  114 


B 


Karly  forms  of  steam  engine*,  214 
Eaves'  dead-weight  safer 
Rooan trios,  description  of,  246 
Eccentrics  and  expansion  governors,  S4G 
atxics  sad  link,  motion,  247 
ml  slide  valve,  246 
Eucentrie,  operation  of,  when   *-\ 

expansively,  247 
Eccentrics  for  reversing  engii 
Eccentric  rod  and  Corliss  valve.  252 
Eccentrics  worked  from  crank  shaft, 
Economic  boiler,  construotici. 
Economizers,  care  of,  in  frost 

162 
Eoonomiaer  chamber  and  air,  188 
Economizers,  construction  of,  158 
Economizer,  course  of  gases  and  water, 

160 
Economizers,  did m  onstruaUon 

of,  1151 
Economizer,   Green's,    arrangement   of, 

tea 

Economizer,  Green's,  qapneilv  of 
160 

Economizer,  heat  taken  out  of  eases  in, 
16J 

Economizers,  heating  air  by,  162 

Economizers,  regulation  of  draught  wi 
162 

Economizer,   toinporaturo   of  water  de- 
livered to,  161 

..iiissr  tubes,  cleaning  dopes 
169 

Economizer  tubes,  deposit  ou.  159 

Economizer  tubes,  deposit  of  salts 

i  •miser  tubes,  scrapers  for,  150 
Economy  of  air- and  water-hemi  n - 

missus,  i 

Economy   claimed  with   Ellis  & 

apparatus,  145 
Economy  of  condensing  with   different 

steass  pressures,  367 
Economy  of  forced  drain.  In.  ii] 
Edwards  air  pump,  form  i 

oGC 
Edwards  air  pump,  oporattioa  -.1,  306 
Effect  of  air  in  surface  condenser,  832 
Effect  of  ash  on  calorific  vat  up.  1 1 
Effect  of  Initial  temperatun  on  cooling 

water.  358 
Eflcct  of  nitrogen  on  eoloriiic  Baltic,  41 
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Effect  of  oxygon  on   oaloritie   valuo   in 

EUis  and  Eaves  apparatus,  tomperature 

fuels,  38 

of  air.  !  1 1 

Effect  of  pressure  on  surface  of  liquid 

Emergency  governor  in  Zoelly  turbine, 

on  boiling-point,  19 

Bag 

Effect  of  scale  upon  boiler  working,  181 

Kiiiploywuut  of  fan  with  forced  draught, 

Effect  of  seasons  upon  chimney  draught, 

140 

135 

iLsifior,  electrical,  Davio-Perrott,  19S 

Efleot  of  temperature   oi  water  on  in- 

Enclosed  food- water  heaters,  construction 

jector,   17B 

of,  163 

Effect  of  Wmsion  of  water  \ujiour,  31 

Enclosed  surface  condenser,  construction 

Effect  of  woter  vapour  in  air  ou  boiler 

of,  831                                               » 

furnace,  27 

Enclosure  of  high-speed  engines,  226 
Ends  of  Cornish  boilers,  62 

Effective  area  of  chimneys,  formula  for, 

135 

Ends  of  Eancs.  boilers  99 

Effective  pressure,  mean,  in  steam  engines, 

End  thrust  in  turbine,  294 

216 

Energv,  kinetic,  conversion  from  poten- 

Effective pressures  with  varying  cuC-ofla, 

tial,  289 

compared,  215 

Energy,  kinetic  and  potential,  280 

Efficiency  of  bolt  drive,  265 

Knorgy,  losa  of  in  ehimnoyn,  131 

-cy   of    boiler  and   diflerenee    of 

Engine,  central  valve,  Willaos,  232 

tempo raturo,  37 

Engine,  compound,  proportion  of  cylin- 

Efficiency of  obimnoys,  131 

ders  in,  221 

Efficiency  of  condenser.  Prof.  Weigh  ton, 

Engine  governor,  construction  uf,  265 

361 

B&gbtt,  high  speed,  Bumsted,  286 

Efficiency  of  engine  explained,  220 

Kngine,  Peache,  course  of  steam  in,  238 

hiiicieiicy  and  leakage  of  heat,  37 

Engine,  Peache,  valves  of,  M7 

Efficiency  of  plant  and  difference  of  tem- 

Engine, reversing,  by  eccentrics,  247 

perature,  37 

Engine,  6toam.  reciprocatim 

Enfcinc,  steam,  work  will  perform,  218 

Efficiency  of  rope  drive,  2G5 

Efficiency  of  spur  gearing,  235 

Engines,  Bellies,  construction  of,  229 

Efficiency  of  worm  gearing,  265 

Engines,  brotherhood,  construction  of, 

Kgg-fthaped  Lanes,  boilers,  62 

BBS 

Ejector  condenser,  advantages  of.  HU 
Ejector  condenser,  arrangement  of  steaoi 

Engines,  Browctt,  eoiiatruction  of.  229 

ines,  compound,  described,  221 

and  water  pipes,  344 

Engines,    compound,  vertical,    arrange- 

Ejector condenser,  Lodward,  313 

ment  of,  290 

Ejeotor  condenser,  oporation  of,  JJ't 

Klines,  double-cvlinder,  described,  220 

w,  loss  of  steam  pressure  in,  275 

Engines     for     driving    compressed    air 

Bleotrla  controller  witb  Curtis  turbiue, 

machinery,  289 

311  t 

Engine**  for  driving  electricity  geuerators, 

Electric  governor   for   Parsons   turbine, 

■-.> 

•2'J1 

Engines,  government  of,  265 

K  !••<.•  trie  motor  and  pump  for  oondonwr, 

Engines,  high-speed,  227 

363 

Engines,  intermediate-speed,  227 

M m  iiical  distribution  and  steam  com- 

Engines, low-speed,  227 

pared,  273 

Engines,  mill,  Lane*.,  240 

Electrical  cmulsifior,  Davis-Porrctt,  198 

Engines,  piston  speed  of,  227 

Eloctricallv   drivon    boiler-feed    pumps, 

Engines,  pumping,  Cornish,  213 

Engines,  quadruple  exptuutan,  227 

Electrically  driven  feed  pumps,  objection 

Engines,  quickly  n:\olving.  SSB 

to,  172 

Eugines,  reciprocating  valves  for,  242 

Eltjclrieity      generators,      engine*      for 

Engines,  steam,  early  foroir>,  214 

driving,  289 

Engines,  steam,  expansive  working  with, 

Eloctrolvtia  action  in  boilers,  181 

Ellis-  and  Eaves  air  heating  with  induced 

214 

Engines,    steam,    working    without    ex- 

draught, 143 

pansion,  214 

Ellis  and  Eaves  apparatus,  course  of  air 

Eugines,  triple-expansion,  226 

in,  145 

Engines,  twin-evhndor,  arrangement  of, 

Ellis    and    Eaves    apparatus,    economy 

23'J 

claimed  with,  146 

Engines,  use  of  flywheels  with,  239 

39* 
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BnguMB,  vortical  and  horizontal,  339 

Entropy,  explanation  of,  9 

Enumeration  of  boilor  fittings,  151 

Erith  underfed  mechanical  stoker,  126 

Ether  and  hcot.  9 

Ether  all  pervading,  2 

Jltlur  and  planetary  space,  2 

Etbor,  what  it  is,  1 

Euston  steam  trap,  construction  of,  286 

Evaporation  from  cooling  ponds,  369 

Evaporation    and     humidity   of    atmo- 

-  I'll  ore,  835 
Evaporation  from  spraying  nozzles,  370 
Evaporation,  variation  of,  with  weabhor. 

869 
Evaporation  of  water,  cooling  effect  of, 

ssb 

Evaporation,  water  lost  by,  335 
Evaporative  condenser,  Fraser,  035 
Evaporative  coudensor,  water  usad  with, 

335 
Evaporative  surface  condenser,  oouatruc- 

tion  of.  334 
Evaporator,    Central    Engineering    Co., 

205 
Evaporators,  construction  of,  206 
Evaporators,  Itoyle,  205 
Evaporators,  use  of,  205 
Evaporators.  Weir,  305 
Exhaust  and  live  steam,  combination  of, 

for  turbinoB,  825 
Exhaust  from  turbines  and  boiler  feed, 

329 
Exhaust    from    turbines    and    il' 

water.  329 
Exhaust  steam, adaptability  for  turbines, 

823 
Exhaust  stoam   for  feed-water  heaters, 

161 
Exhaust  steam  and  injector,  175 
Exhaust  steam,  storage  of,  for  turbines, 

824 
Exhaust  steam,  turbines  working  with, 

822 
Exhaust  steam  and  Zoelly  turbine,  323 
Expansion  bends  in  steam  pipes,  279 
Expansion  of  bodies  with  beat,  16 
Expansion  of  brass  and  iron,  6 
Expansion  and  contraction  of  air  with 

temperature,  25 
Expansion    and   contraction    of    steam 

pipes,  279 
Expansion,  division  of  cylinders  for,  217 
Expansion  governor,  construction  of,  267 
Expansion  governor,  driving,  268 
Expansion  governors  and  eccentrics,  24G 
Expansion  governor,  operation  of,  267 
Expansion  governor,  Wilson    Hartnell, 

907 
Expansion  pyrometer,  6 


Expansion,  quadruple  engines,  237 
Expansion  of  steam  adibiatically,  BOO 
Expansion  of  steam  in  Dc  Laval  tmli 

301 
Expansion  of  steam  for  velocity 

no 

Expansion  and  throttle  goreouag, 

foroncc  between,  268 
Expansion,  triple  engines,  226 
Expansion  of  water  in  freezing,  1C 
Expansive  working  and    cylinder   con- 
densation. tU) 
Expansive    working   in    -steam   curiae?, 

214 
Expansive      working,      temperature     o! 

rylinder  walls  with,  'J17 
Expansive  working  and  water  vapour, 
817 

Bapeclfliaato,  oqnflfflHWf,  llichanl  Allen, 

862 
Experiments      on      oondou- 

Weighion,S60 
Extonial  foraaoas,  *  oi  ■ 
External  furnaces,  Lancashire  bui 
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Fahrenheit  scale.  4 
l.-\m,     arrangement 

draught,  141 
Fan  ocntrifugal,  construction 
Fans  for  mechanical  dm 
Fan,  power  required  to  drive,  147 
Fan.  propeller,  use  of.  140 
Fan  draught  and  cooling  tow 
Feed  of   underfeed  mechanical 

126 
Feeding  mechanical  stokers,  118 
Feed-pumps  and  donkey  boiler.  : 
Feed-water  beaters  and  air  vessels,  109 
Feed-water  heater,  Climax  boiler,  90 
Food-water  beaters  and  exhaust  st 

164 
Feed- water  beaters  and  live  steam.  164 
Food-water  heater,  live  steam.  Ho 

&  Brooke,  1GG 
Feed-water  heaters,  open  steam,  arrange- 
ment of,  168 
Feed-water  heater  as  purifier,  L67 
Peed-water  heatar,  Koylo,  168 
Feed  water  in  Atlas  boiler.  93 
Feed  water  in  Stirling  boiler,  86 
Feed  water,  matter  contained  in, 

Thurston's  estimate,  17:' 
Feed  water,  method*  of  removing  I 

bodies  from.  1H1 
Feed    water,    objection     to     conrlcnwd 

water  for,  169 
Feed-water  pumps,  forms  of,  170 
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Facd  water  purifying,  171) 
Feed-water  regulators,  178 
Feed  water,  substances  contained  in,  170 
Feed  water,  temperature  obtainable  with 

exhaust  steam,  166* 
Feud  water,  use  of  hot  gases  for,  15G 
Ferranli-Hopkinsou  stop-valve,  257 
Filter  cleaning  in  Rei&crt  water  softener, 

188 
Filter  In  Bruun-Lowener  water  softener, 

ies 

Filter  in  Critou  water  softener,  185 

n  and  water  softeners,  188 
Finely  divided  charcoal,  properties  of, 

ia 

Finely  divided  substances  in  water  and 
boiling-point,  21 

divided  substauces,  thermal  con- 
ductivity, 12 

Firo  bars  in  Auto  stoker,  123 

Fire  burs,  interlocking,  Moldrum,  115 

Fire    burs,    movement    of,    in     Vickers 
stoker.  123 

Fire  bar,  rocking,  Neemes,  110 

Fire  bars,  rooking.  Noil,  108 

Kir.-  btM,  water-tube  boiler*,  82 

Firegrate,  Neil,  109 

Firing  Cornish  boilers,  69 

Firing  LftOOS.  boilers,  69 

tube  boilers,  description  of,  65 

Flash  point  of  liquid  fuels,  47 

FIc tenor's  oil  separator,  construction  of, 

194 

Flexible  shaft  in  De  Laval  turbine.  303 
Flow  of   steam    through   pipes,  table  of, 

27G,  277 
Flow  of  water  in  injector,  176 
Flue  dampers,  operation  of,  148 
Flues  of  Cornish  boiler*.  6fi 
Flues  of  Lancashire  boilers,  66 
Flue  gases,  object  of  testing,  306 
Flue  gases,  percentage  of  CO,  and  loss  of 

fuel,  907 
Flue  gas  testers,  principle  of,  207 
Flue  gas  testing  apparatus,  Ureal,  214 
Flywheel  speeds  of  high  and  low  speed 

engines,  228 

iccls,  use  of,  with  engines,  289 
Forced  draught,  air  required  with,  141 
1  draught,  with  air  heating,  189 
Forced  draught,  closed  ashpit  system,  139 
Forced  draught,  closed  fire-room  system, 

189 
Forced  draught,  coat  of  producing,  141 
Forced  draught,  economy  with,  111 
Forced  draught,  oxplanaiion  of,  189 
Forced  draught,  higher  pressure  obtained 

with,  140 
Forced  draught,    temperature  of    gases 

with,  140 


Formula  for  calorific  value,  Dulong,  30 

Formula  of  Carnot's  law,  3C 

Formula  for  converting  Centigrade   to 

Fahrenheit,  5 
Formula  for  cooling  water  required  with 

condensers,  851 
Formula  for  doublo  bolt,  264 
Formula  for  affective  area  of  chimney, 

135 
Formula  for  Fahrenheit  to  Centigrade,  5 
Formula  for  Green's  economizer,  100 
Formula  for  horse-power  of  steam  engine, 

318 
Formulas  for  lose  of  pressure  ia  steam 

pipes,  274 
Formula  for  power  to  move  air,  147 
Formula  for  pressure  in  boilers,  80 
Formula  for  rate  of  transmission  of  heat, 

u 

Formula  for  size  of  belt,  263 
Formula  for  sizes  of  rope,  265 
Formula  for  velocity  of  gases  in  chimncv, 

133 
Formula  for  volume  and  pressure  of  gas, 

280 
Foundations  of  chimneys,  138 
Foundations  for  Lanes,  mill  engines,  241 
Fraser  and  Chalmers  compound  Cornish 

lioiler,  70 
Fraaor's  condenser,  advantages  claimed 

tor,  836 
Fraser's  evaporative  condenser,  885 
Freezing-point  on  Centigrade  scale,  4 
Freeaing-pointon  Fahrenheit  sosJe,  i 
Freezing-point  ou  Reaumur  scale,  4 
Freezing-point  of    water   and  dissolved 

substances,  21 
Friction  of  slide  valve  ou  cylinder,  248 
Friction  of  steam  in  pii  aerated 

by,  274 
Fuel,  air  required  for  combustion  of,  130 
Fuel,  approximate  analysis  of,  48 
Fuel,  dried  manure,  46 
Fuel,  gaseous,  49 

Fuel,  liquid,  burning  apparatus,  1 1 1 
Fuel,  loss  of,  and  percentage  of  COa,  207 
Fuel,  saw-dust,  40 
Fuel,  ultimate  analysis  of,  48 
Furnace  bars,  special  forms  of,  108 
Furnaces,  boiler,  doors  of,  ti  16 
Furnace,  combustion  of  fuel,  37 
Furnace  draught  by  steam  jets,  147 
Furnace  gases,  course  of,  in  loooDOttVfl 

boiler,  73 
Furnace    gases,    course    of,    in    marine 

boiler,  74 
Furnace  gases,   splitting  up,  in  multi. 

tubular  boilers,  71 
Furnace  gnri  *,  Oorniab  b  ■:!•-:.-.  107 
Furuaco  grates  in  L&nca.  boilera,  107 
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Furnace  grates,  marine  boilers,  107 

Gradation  of  cools,  41 

Furnace  grates,  water-tube  boilers,  107 

(irate  area  of  furnace  required,  132 

Furanoea  of  Lanes,  boilers,  56 

Grate  area,  proportion  to  ohimney,  132 

Furnace,  methods  of  providing  air  for, 

Grate  bars  of  over-feed  stokers,  120 

137 

Grate  bars,  Neil,  109 

Furnace  in  Nesdrum  boilor,  87 

Great  Calorie,  14 

Furnace  of  Stirling  boiler,  84 

Green's  eoononiiznr,  arrangement  of,  160 

Fumaoe  of  Woodeson  boilor,  kh 

Green's  economizer,  formula  for. 

luniace  ventilation  in  mini  s,  127 

GuUmaim   water  softener,   construction 

Furnace  ventilation,  motive  column  for, 

of,  133 

128 

Guttinann  water  softener,  operation  of, 
188 

G 
Galloway  boiler  for  burning  refuse,  70 

H 

Galloway  boiler,  construction  of,  70 

Hal  pin,  Druitt,  thermal  storage,  827 

Galloway  cono  tul>ee,  description  of,  60 

Hamilton   Holzwarth   turbine,    boon  no 

Galloway  cone  hi)*?,  early  form,  60 

of,  321 

iway  codb  tube,  modern  form,  60 

Hamilton  Holzwarth  turbine,  conrtrnc- 

Galloway  auperheater.  208 

tion  of,  321 

Galloway  water- tul>o  boiler,  98 

Hamilton  Holzwarth    turbine,  rover— 

Galvanized  iron  mats  in  cooling  towers, 

of,  m 

377 

Hamilton  Holzwarth  turbine,  lubrication 

Gas,  solution  of,  in  water,  93 

of,  321 

Gas  tar,  colorific  value  of,  48 

Hard  water,  explanation  of,  180 

Gas  tor,  composition  of,  46 

Hardwick  feed-water  heater.  164 

Gas  tar  as  fuel,  48 

1 1  Arris- Andowon    apparatus,    course    of 

Gas  tar,  production  of,  48 

water  and  re-agents  in,  193 

Gooes  in  atmosphere,  IS 

Harris-Anderson  apparatus  for  romovitg 

Gases  found  in  collieries,  description  of, 52 

oil.  . 

Gases,  specific  heats  of,  U,  30 

Harris- Anderson      water  softener,     con- 

Qlse<,   \uhitnc    uf,     [irodu<Jt;d     hy     COZB> 

struction  of,  192 

buation,  130  ' 

Harris- Anderson  water  softener,  m*ri*B 

Gases  and  water,  oour*o  of,  in  ooonomizer, 

tubes,  192 

160 

Harris- Anderson    water  softener   open 

Gasoous  condition,  17 

tion  of.  199 

Gaseous  fuel,  49 

Harris- Anderson   water  softener,    treat- 

Gouge cooks,  explanation  of,  151 

ment  vessels,  192 

Gouge  pressure,  definition  of,  22 

Headers  in  Atlas  boiler.  93 

Gearing  of  Do  Laval  turbine,  305 

Headers  in  Babeock  boiler,  S8 

lining  motion  to  the  slide  valve,  246 

Header*  in  Davey-Paxman  boiler,  91 
Headers  in  Wood  boil- 

Globe  stop  valves,  25fi 

Governor,  control  uf  steam   supply  by. 

Heut  absorbed  by  cooling  woier.  839 

243 

Heat  absorption  and  Prof.  Trndoi.  11 

Governor  of  Curtis  turbine,  811 

Heat  applied  to  bi-emrbonaUa,  38 

Governors  on  end  of  crankshaft,  269 

Heat  in  compressed  air,  Willie*  origin*. 

Governor  of    Hamilton   Holxworth  tur- 

2S4 

bine,  331 

Heat  conduction  and  air,  10 

-mors  of  high-speed  engines,  231 

Heat  conduction  aud  metal i.  10 

Governor  of  Parsons  turbine,  296 

Heat  contained  in  the  earth,  9 

Governor  of  Peoche  engine,  239 
Governor,  Pickering,  965 

Heat  and  convection 

Heat  engines.  Carnot's  law,  86 

Governor  of  Rateau  turbine,  316 

Heat  and  expansion  of  bodies,  16 

Governor  of  steam  engine,  use  of,  949 

Heat  from  other  planets,  9 

1  L-rnor  and  stop  valve.  253 

Heat  from  the  sun.  2 

dqqe  of  WilJans  engine,  235 

Heat  generated  by  friction  of  Josm  at 

Governor  of  Zoelly  turbine,  390 

Heat  liberated  by   carbon- fossiing  oor- 

Government  of  De  Laval  turbine,  303 

Government  of  engine* ,  365 

bonie  oxide,  38* 
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Heat  liberated   by  solution    of    gas    la 

Hodgkintton  mechanical  stoker,  122 
Holdon  &  Brooke's  feed-water  heater  for 

water,  88 

Heat  liberated,  formation  of  S03,  38 

live  steam,  166 

it  liberated  in  forming  carbouio  acid. 

Hnlden  &  Brooke's  injectors,  176 

38 

Holdon  liquid  fuel  apparatus,  arrange- 

Heat liberated  wfaBO  hydrogen  combines 

ment  of,  1 1 fl 

with  oxygon,  38 

Hopkinsou  central  pressure  stop  valve, 

Heat  radiation,  9 

257 

Heat  rays  from  a  black  body,  8 

Ilxpkinson  centra!  pressure  valve,  con- 

Heat rays  reflected,  3 

struction  of.  257 

Heat  takeu  out  of  gases  in  economizer. 

Hopkinson-Forrauti  stop  valve,  257 
Hopkinson's  parallel-slide  stop  valve,  256 

161 

Heat,  theory  of,  1 

Hopkinson  atop  valve,  central  pressure, 

Heat,  transmission,  9 

267 

Heat  naves,  length*  of,  2 

Hoppes  feed-water  heater  and  purifier, 

Heat  waves,  properties  of,  2 

168 

neat,  what  it  Is,  1 

Horizontal  compound  engines,  arrange- 

Heating air  by  economizers,  163 
Heating  of  belt  pulleys,  263 

ment  of,  28'J 

Horizontal  cross-compound   condonsing 

Heating  curves  with  plain  and  corrugated 

engine,  221 

tubes.  Wain wright,  167 

Horizontal  engine  and  vertical  boiler,  223 

Heating  feed -water  for  bailors,  150 

Horizontal  tandem  compound  condensing 

Heating   of  water  in    liruun    Loweuer 

engine,  224 

water-softener,  188 

Horizontal  tandem  compound  engine,  228 

Height  of  ohimney  cooling  towers,  875 

Horizontal   triple-expansion  condensing 

Height    of   chimney    and    intensity    of 

mill  engine,  240 

draught,  .187 

Horizontal    triple  -  expansion     engines, 

Height  of  chimney  an3  velocity  of  gases. 

arrangement  of,  239 

133 

Horizontal  and  vortical  engines,  239 

Height  of  chimney*,  Kent's  table  for,  185 

Horse-power,  15 

Kafna  boiler,  construction  of,  05 

Horsepower  of  boilers  diseussod,  182 

11'. up  water-tube  boiler,  95 

Horse-power,  brake,  measurement  of,  220 

Henderson  mechanical  Btoker,  119 

Horse-power   and  the    British    thermal 

High-and  low-speed  engines,  piston  speed 

unit,  10 

of,  228 

llurse-power   of    engine   with    multiple 

High  latent  hoat,  effect  on  aire  of  steam 

cylinders,  820 

engines,  S3 

Uorse-powor,  indicated,  219 

High  pressure  and  Lanes,  boilers,  80 

Horse-power  of  steam   engine,  formula 

High  pressures,  strain  on  boiler  shell,  Sit 

for,  218 

High-speed  engine,  Bumsled,  233 

Hot  gases  in  chimney,  pressure  of,  133 

High-speed  engines,  difficulties  of  lubri- 

Hot gases,  course  of,  iu  Atlas  boiler,  94 

cating,  240 

Hot  gases,  course  of,  in  Ncsdruin  boilor, 

High-Bpood    engines,  distributing  valves 

n 

of,  231 

Hot  gases,  course  of,  In  Stirling  boiler,  84 

High-speed  engines,  enclosure  of,  228 

Hot  gases,  course  of,  with  forced  draught, 

High-speed  engines,  governors  of,  231 

140 

High-speed  engines,  iron  used  in,  231 

Hot  gases,  limit  to  use  of,  for  feed-water 

High-speed  engines,  lubricant  of,  281 

heating,  158 

High-speed  engines,  lubrication  of,  2S8 

Hot  gooes,  limiting  temperature  in  chim- 

High-speed engines,  lubrication  working 

ney,  129 

out  from,  240 

Hot  gases,  passage  of,  in  Cornish  boilers. 

High-speed  engines,  oil  pumps  for,  232 

50 

High-speed  engine,  Scutt  <t  Mountain, 

Hot  gases,  passage  of,  in  Lanes,  boilers, 

construction  of,  232 

56 

High  vacua  and  cooling  water,  351 

Hot    gases,    temperature    of,  in    boilor 

High-water  safety  apparatus,  155 

furnace,  131 

Higher  pressure    obtained   with    forced 
draught,  140 

How  power  is  transmitted  by  bolt,  262 

Humidity  of  air,  degrees  of.  28 

Highest  efficiency  speed,  Do  Lav*!  tur- 
.802 

Humiditrof  atmosphere  and  evaporation, 

35 

39^ 
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Huttou's  table  of  profiwuros  for  diflcroiit 

fu.U,  180 
Hydrogen  in  atmosphere,  IS 
Hydrogen  combining  with  oxvgen,  heat 

liberated,  38 


Ignition  point  of  liquid  fuel*.  48 

I.H.P.  and  oooling  surface  tu  ooudonser, 

35J 
Importance  of  circulation  in  boilers,  64 
Importance  of  mixing  roagents  in  water 

softeners,  182 
Impurities  in  water  and  priming,  34 
Inches  and  pounds,  vacuum  in,  332 
Incidence,  angle  of,  4 
Inclination  of  steam  pipes,  378 
Increase  of    boiling    temperature    with 

pressure,  21 
Inerca.se  of  efficiency  uf  steam  turbine  by 

InotMMd  vacuum,  37 
Increase  of  pressure  on  surface  of  liquid, 

19 
Increase  of  v.iu.'ity  of  *toam  in  Do  Laval 

turbine,  301 
Increase  of  velocity  of  s team  with  lowered 

pressure,  291 
Increased   pressure,   doorcase   of    latent 

heat,  S3 
Indicated  horse  power,  lil'J 
Indications  of  the  barometer  explained, 

la 
Indicator  cards,  atmospheric  Hue  on,  272 
Indicator  cards,  planimetor  for,  272 
Indicator  cards,  pressures  shown  on,  273 
Indicator  cards  from  steam  engine,  371 
Indicator  for  steam  engine,  219 
Indicator,   steam  engine,  operation   of, 

271 
Induced  draught,  adrautuges  of,  143 
Induced  draught  and  air  heating,  143 
Induced  draught  and  air  leakage,  143 
Induced    draught,  arrangement    of  fan 

with.  Ill 
Induced  draught,  course  of  gases  and  air 

with,  142 
Induced  draught,  explanation  of,  141 
Induced  drought,  powor  required  with, 

142 
Induced  draught,  volume  of  gooes  with, 

142 
Infra  red  rays,  3 
Initial   temperature  and  cooling  water, 

368 
Initial    temperature   and   cooling  water 

required,  301 
Injector,  construction  of,  174 
Injector    and     critical    temperature    of 

water,  178 


Injector,  Davios  &  Motoalfo,  176 
Injector,  effect  of  temperature  of 

on. 
Injector  with  exhaust  steam.  175 
Injector,  flow  of  water  in,  173 
Injectors,  Holden  &  Brooko's,  176 
Injector  lift  and  quantity,  177 
Injector  with  live  and  exhaust  steam,  17i 
Injector,  operation  of,  174 
Injector,  pipes  connected  to,  IT*- 
Injector,  pressure,  can  work  again 
Injector,  principle  of,  173 
Injector,  quantity  uf  water  dolivered  It, 

176 
Injector,  supply  of  water  for,  177 
Injector,  temperature  of  fee*; 
Insulators,  thermal,  11 
Intensity  of  draught  and  height  of  cHo 

noy, 187 
Interlocking  fire  bars,  Meldrum,  115 
Intermediate-speed  engines,  227 
Intermediate  turbines,  2^9 
Invisible  heat  rays,  8 
Iron  for  cooling  "towers,  379 
Iron  plates  in  cooling  towers,  377 
Iron  used  in  high-speed  engines,  281 
Iruu-work  for  water  tube  boil 


Jucketing  steam  cylinder-  to 

tion,  217 
Jot  condenser,  air  pump  for,  340 
Jet  condenser,  Balcke,  340 
Jet  condenser  and  ooolioj  tower,  840 
Jet  condenser,  Mirrlees  Watson,  34 1 
Jot  condensers,  parallel  current,  340 
Jot  oondensor,  pomps  for,  310 
Jet  condenser  terms  surface  co&danson. 

341 
Jet  condenser  with  water  trays,  941 
Jet  condenser,  WorthingtnQ,  pu:. 

348 
Jet  condenser,  Worthington,  velocity  of 

steam  in,  343 
Jet  condenser,   Worthington,  wat 

iu.  342 
Jointing  rings  for  stoatn  pipes,  280 
Jointing  of  steam  pipes,  278 
Joints  of  boiler  Hues,  68 
Joints  in  boiler  shell*,  61 
Joule's  equivalent,  IS 


K 


Keeler  rooking  fire  grate.  100 
Keuuicotb  water   softener,  cons) 

of,  189 
Kent's  tabic  for  the  height  of  cl 

135 
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Kinotic  energy,  conversion  from  poten- 
tial energy,  289 

Kinetic  energy  and  potential  energy,  289 

Koppul,  Arthur,  witter  softener,  con- 
struction of,  191 

Koppel,  Arthur,  wntor  softener,  opera- 
tion of,  iyi 

Koppel,  Arthur,  water  softener,  steam 
heating  apparatus  in,  191 

Korting's  liquid-fuel  burning  apparatus, 
113 


Lagonda  damper  regulator,  149 

Lancaster  steam  trap,  construction  of, 
933 

boilers,  ash  pit,  A9 
boilers,  construction  of,  GO 
boilers,  description  of,  55 

Lanes,  boilers,  egg  shape,  G2 

Lanes,  boilers,  onus  of,  62 

Lanes,  boilers,  external  furnaces,  69 

Lane 9.  boilers,  firing,  69 

Utncs.  boiler  flues,  56,  63 

Lanes,  boilers,  furnaces  of,  50 

Lanes,  boilers,  furnace  grates,  107 

Lanes,  boilers  and  high  pressure,  30 

Lanes,  boilers,  hot  gases,  passage  of,  56 

Lanes,  boilers,  mud  hole,  59 

Lanes,  boilers,  radiation  from,  58 

Lanes,  boilers,  setting,  68 

Laocs,  boilers,  sizes  of,  62 

Lanes,  boiler,  Tinker's  superheater  fitted 
201 
boilers,  water  below  furnace,  59 
boilers,  water  in,  58 
cotton  mills  autl  cooling  ponds, 

Lance,  mill  engine.;,  condensers  fixed  in, 

041 
Lanes,  mill  engine,  driving  pulley  of,  241 
Lanes,  mill  engine,  driving  ropes  of,  241 
Lanes,  mill  engines,  foundations  for,  241 
Lanes,  mill  engines  and  ropo  drive,  240 
Lanes,   mill  engines,   spood    of    driving 

ropes,  241 
Lanes,  mill  engines,  Wheeloek  expansion 

gaar  for,  241 
Lanes,  vctkus  Cornish  boiler,  CO 
Lap  joints,  boiler  shells,  61 
Lap  of  slide  valve,  24S 

(Largest  diameters  of   vessels  in  water- 
tube  boilers,  81 
Latent  heat,  1G 
Latent  heat,  decrease  of,  with  increased 
pressure,  28 
Latent  heat  of  steam,  17 
Latent  heut  and  variation  of  pressure,  29 


Latent  beat  of  water,  17 

Launch  type  Thomycroft  boiler,  LOB 

Low  of  capacity  of  air  for  water  vapour, 

25 
Law,  Carnot,  heat  engines,  36 
Laws  of  reflection,  3 
Laws  of  refraction,  3 
Law  of  successive  changes  of  heat,  36 
Lead  of  slide  valve,  24-3 
Leakage  of  heat  and  efficiency,  37 
Loakago  of  steam  and  slide  valve,  247 
Led  ward  ejector  condenser,  348 
Length  of  radius  of  crank,  261 
Length  of  turbine,  294 
Lever  safety  valve,  154 
Lift  of  injector  and  quantity,  177 
Lifting  of  water  by  steam  traps,  281 
Light  waves,  lengths  of,  2 
Lignites,  composition  of,  41 
Limit   for  circulating  water  employed, 

Prof.  Weighton.  303 
Limiting  temperature  of  couliug  water, 

3.32 
Limiting   temperature  of  hot   gases  in 

ohimney,  129 
Limit  to  use  of  hot  gases  for  feed-water 

beating,  158 
Link  motion  for  eccentrics,  247 
Link  motion  and  slide  valve,  247 
Liquid  condition,  17 
Liquid  fuels,  46 

Liquid  fuel  apparatus,  Holden,  111 
Liquid  fuel  burning  apparatus,  Kortiug, 

118 
Liquid  fuel  burning  apparatus,  Marshall, 

112 
Liquid  fuels,  flash  point,  47 
Liquid  fuels,  ignition  point,  48 
Liquids,  specific  heats  of,  18 
Live  steam  and  feed-water  beaters,  151 
Lloyds,  explanation  of,  G8 
Lloyds  formula  boiler  furnaces,  65 
Locke's  damper  regulator,  LOO 
Locomotive  boiler,  construction  of,  T8 
Loss  of  energy  in  clumueys,  181 
Lou  of  heat  by  radiation  from  ntoam 

pipes,  275 
Loss  of  pressure  in  steam  pipes,  fonnulie 

for,  274 
Loss  of  steam  pressure  in  elbows,  275 
Loss  of  ebeam  pressure  in  valves,  270 
Loss  of  water  in  cooling  bowers,  380 
Loss  of  water  with  spraying  nosslea,  970 
Louvre  boards  for  cooling  ponds,  870 
Low  pressures,  high  latent  heat,  23 
Low-speed  engines,  237 
Low  steam  pressures  and  size  of  steam 

engines,  23 
Low-water  safety  apparatus,  156 
Low-water  safety  valve,  155 
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Lowered  pressure,  increase  of  vel< 

steam  with,  291 
Lubricant  (or  high-speed  engines,  231 
Lubrication  of  Bimisted  engine,  286 
Lubrication  of  Curtis  turbine,  311 
Lubrication  and  dry  steam,  231 
Lubrication    of    Huuiilton    HoUwarth 

turbine.  321 
Lubrication  of  high-speed  engines,  228 
Lubrication  in  Parsons  turbine,  206 

ntion  of  Peacho  engine,  237 
Lubrication  and  superheated  steam,  Q.HI 
Lubrication  and  superheated  steam  in 

turbine*,  328 
Lubrication  of  Willan's  turbine,  800 
Lubrication  working  out  from  higb-spoed 

engines,  240 


U 


Marino  boiler,  72 

Marine  bailer,  Babeoefc,  H3 

Marine  boiler,  construction  of,  74 

Marine  boil  ere,  furnace  grates.  1<>7 

Marriott  steam  separators,  construction 

of,  203 
Marshall's  boiler,  steam  drums,  91 

ball'l  hoiler.  Water  leg*.  91 
Marshall's  liquid  fuel  burning  apparatus, 

112 
Marshall's  water-tube  boiler,  91 
Marshall's  water-tube  boiler,  construc- 
tion of,  91 
Marshall's  water-tube   boiler,  course   of 

hot  gases,  91 
ntabter,  three  states  of,  1C 
McLeod's  and  Henry's  boilor  brickwork, 

69 
Mean  book  pressure  in  cylinder,  218 
Mean  efleetive  pressure  explained,  215, 

218 
Mean  effective  pressure  in  steam  engines! 

216 
Moan  pressures,  table  of,  216 
Measurement  of  brake  horse-power,  290 
Measurement    of    reagents    in    Bruun- 

Lowoner  water  softener,  187 
Measurements    of     reagents    ia    Criton 

softener,  184 
Measurement  of  reagent  in  lieisert  water 

softener, 
Measurement  of  ropes,  264 
Measurement  of  temperatures,  5 
Measurement  of  vapour  in  ait,  improved 

method,  29 
Measurement  of  wood,  45 
Measuring  percentage  of  water  vapour  in 

air,  28 
MeeUuuiual  draught,  fans  for,  146 


d    draught,    rat". 
tioa  with,  133 
Mechanical  draught,  shse*  of  Bh  tor,  U 
Mechanical  equivalent  of  heat  explained, 

15 
Mechanical  stokers,  advantages  o: 
Mechanical  stoker,  Bennv. 
Mochauieal  stokers,  chain  grate,  124 
Mechanical  stokers,  coking,  117 
Mechanical  stokers,  feeding,  118 
Mechanical  stoker,  Hendotv. 
Mechanical  stoker,  Hodg'cin  - 
Mechanical  stokers,  overfeed.  117 
Mechanical  stokers,  rate  of  coal 

with,  117 
Mechanical  stokers,  requirement  ■ 
Mechanical  stoker,  Bprinkler,  118 
Mechanical  stokers  and  steara  j«w,  123 
Mechanical  stoker,  underfeed,  Eril 
Mechanical  stokers  underfeed,  feed 
Mechanical  stoker,  Underfeed  Stoker 

126 
Mechanical  stoker,  Wilkinson,  199 
Mechanical  Theory  of  Heat,  1 
MorasM,  calorific  value  of,  40 
Moldrtim's  coal-dust  furnace,  110 
Meldrum's  cokcr  stoker,  110 
Moldrum's  colliery  refuse  destructor, 
Meldrum's  furnace  for  colliery  reft 
Meldrum'a  luterlocking  fire  bs 
Mel  It  iiu'b  refuse  de&tractat  ^ratu,  1] 
Meldrum's  steam  jet  furna' 

147 
Melting  points  of  molals,  6 
Mercurial  barometer,  18 
Mercurial  thermometer  to  800°  F., 
Metals  and  heat  conduction,  10 
Methods  of  curing  cylinder  cundcusal 

217 
Methods  of  providing  air  for  the 

137 
Method*  of  removing  foreign  bodies 

feed  water.  101 
Metropolitan  Distriet  Rail  am 

house  turbine,  313 
Midget  steam  trap,  construe: , 
Mill  engine*,  Lanes.,  240 
Mirrleos  VW  l  denwr.  C41 

Mirror,  reflected  image  in,  3 
Mixing  of  rcagouts  and  water  in  Bruua 

Lowener  water  softener,  187 
Miring  tubes  in  Harris-Anderson 

softener.  192 
Modern  form  Galloway  tube,  60 
Modern   practice,  steam  pressure* 

36 
Morrison  suspension  boiler  furnace,  65 
Motive  column  and  ohimneydran 
Motive  column  of  furnace  ventilation, 
Motive  column,  reasons  for,  123 


INDEX 


399 


Motor  boiler,  Turner-Miesse,  10G 
Motor-wagon  boilors,  Thornycroft,  10S 
Motor-wagnn  boiler.  White,  106 
Mountain  sickness,  20 
Movement  of-firo  bars  in  Vickors  stoker, 

128 
Movement  of  stoker,  grate  bars,  120 
Mud  dram  in  Davoy-Parman  boiler,  91 
Mad  drum  in  Ncsdrum  boiler,  88 
Mud  drums  in  Stirling  boiler,  6G 
Mud  drums,  use  of  for  removing  foreign 

bodies,  182 
Mud  drums,  Woodeson  boiler,  90 
Mud  bole  in  Lanes,  boilers,  59 
Mud  precipitate  in  Archbutt-Deely  appa- 

.  1*4 
Multiple  cylinders,  horse-power  of  engine 

with,  220 
Multitubular  boilers,  advantages  of,  71 
Multitubular  boilers,  construction  of,  70 
Multitubular  boiler,  Davev-Paxman,  72 
Multitubular  boilers,  disadvantages  of,  71 
Multitubular  boiler,  forms  of,  72 
Multitubular  and  Cornish  boiler,  76 


N 


Natural  gas,  composition  of,  62 
Natural  gas,  production  of,  51 
Natural  mineral  springs,  32 

tNeeiuea  rocking  fire  bar,  110 
Noil's  fire  g^ate,  109 
Noil's  rooking  fire  bars,  108 
Neadrum  boiler,  construction  of,  37 
Nesdrum  boiler,  furnace  in,  87 
Nesdrum  bailor,  hot  gases,  course  of,  87 
Nesdrum  boiler,  mud  drum,  88 
Neadrum  boiler,  steam  drum,  68 
Neadrum  boiler,  superheater,  83 
Nesdrum  boiler,  tubes  in,  87 
Nosdrum  boiler,  water  circulation,  88 
Neadrum  superheuter,  202 
Neadrum  water-tube  boiler,  87 
Nominal  horse-power  explained,  220 
Nozzles  for  cooling  ponds,  369 
Nozzle  in  De  Laval  turbine,  301 
Nozzles,  spraying,  evaporation  from,  370 

i 
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Oil  catcher  and  steam  exhaust  head,  197 
Oil  pumps  for  high-speed  engines.  231 
Oil  pumps  in  Parsons  turbine,  296 
Oil  relay  in  Zoelly  turbine  governor,  320 
Oil    removing,    apparatus    for,    Harris- 
Anderson,  198 
Oil  removing,  special  apparatus  for,  197 


Oil  separators,  construction  of,  193 

Oil  separator,  Kletcher,  construction  of, 

194 
Oil  separator,  Boid,  construction  of,  195 
Oil  separator  vacuum,  Cochrane,  195 
Oil  from  water,  removing,  193 
Olefin©,  47 
Open  steam  feed-water  heaters,  arrango 

ment  of,  168 
Open  tank  surface  condensers,  388 
Origin  of  petroleum,  46 
Orsat  apparatus,  construction  of,  212 
Orsat  apparatus  for  flue  gas  testing,  212 
Orsat  apparatus,  operation  of,  212 
Overfeed  mechanical  stokers,  117 
Overfeed  stokers,  grate  bars  of,  120 
Overload  valve  in  Zoelly  turbino,  321 
Oxygen  in  atmosphere,  18 
Oxygen,  effect  of  in  calorific  value  in 

fuels,  38 
Oxygeu  for  furnace,  effect  of  w ater  vapour 

iu  air,  27 


Paraffin,  47 

Parallel  current  jet  condensers,  340 

Parallel  slide  atop  valve,  advantages  of, 

257 
Parallel  slide  stop  valve,  construction  of, 

256 
Parallel  slide  stop  valve,  operation    of, 

257 
Parsons  dummy  axle  in  turbine,  294 
Parsons  early  duplicate  turbine,  1294 
Parsons  turbine,  bearings  of,  295 
Parsons  turbine  blades,  394 
Parsons  turbine,  construction  of,  294 
Parsons  turbine  electric  governor,  297 
Parsons  turbine,  governor  of,  296 
Parsons  turbine  governor,  relay  valve,  297 
Parsons  turbine,  lubrication  in,  296 
Parsons  turbine,  oil  pump  lu,  296 
Parsons  turbine  and  ahip  propellers,  299 
Parsons  turbo  pump,  298 
Parsons'  vacuum  augmenter,  847 
Peache  engine,  construction  of,  237 
Peache  engine,  course  of  oteam  in,  288 
Peache  engine,  governor  of,  239 
Peache  engine,  lubrication  of,  237 
Peache  engine,  valves  of,  287 
Peache  engine,  valve  motion,  range  of,  289 
Pearn's  wall  pump,  173 
Peat,  rompOMtion  of,  40 
Peat,  description  of,  40 
Percentage  of  CO,  in  flue  gas  and  loss  of 

fuel,  207 
Percentage    of     water     vapour    in    air, 

measuring,  28 
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Period  steam  remains  in  engine,  Wilhvns 

Pressures  in  chimney  With  different  I 

engine,  9 

pent  lures  outside,  134 

Permanent  hardness  in  water,  explana- 

Pressure   of    column    of    hot    gases  In 

tion  of,  ISO 

chimney,  133 

Petroloum,  composition  of,  16 

Pressure  corresponding  to  1-inoh  water 

Petroleum,  forms  of,  ifl 

gauge,  129 

Petrolonm,  groups  of,  47 

Pressure,  effective,  mean  in  steam  engines. 

Petroleum,  origin  of.  46 

915 

Petroleum,  production  of,  47 

Pressures,  effective,  with  vorviug  cut-offi, 

Petroloum  from  shales,  48 

215 

Petroloum,  woight  of,  47 

Pressure  of  fan  for  mechanical  draught. 

Pickering  governor,  operation  of,  386 

116 

Pipes  connected  to  injector,  175 

Pressure  and  impulse  turbines,  difference 

Pipes,  distribution  of  steam  by,  273 

between,  291 

Pipe*,  friction  of  flteam  in,  heat  generated 

Pressure,  increase  of,  and  boiling   tem- 

by, 274 

po  raturo,  21 

Pipes,  steam,  073 

Pressure,  increase  on  surface  of  1 

Pipoe,  steam,  arrangement  of,  278 

Pressure  injector  can  work  against,  17 1 

PipoH.  velocity  of  steam  in,  374 

Pressures  required  for  boiler  work,  ISO 

Piston  drop  valves,  250 

Pressures  required  for  different  fuels,  190 

Piston,  power  from,  200 

Pressures  shown  ou  indicator  cards,  STS 

Piston  rod  and  crank  shaft,  300 

Pressure,  steam,  loss  of  in  elbow* . 

Piston  slide  valvo,  24£ 

Pressure,  steam,  loss  of  in  valves,  271 

Piston  slide  valve,  contraction  of,  248 

Pressure  steam  turbine,  288 

Piston  slide  valve,  operation  of,  249 

Pressure  and  superheating.  35 

Piston    speed  of    high    and    W -.speed 

Pressure  and  tomperatur'j.  4 

engines,  228 

Pressure  turbiue,  action  of  steam  in,  9*4 

Piston  speed  of  engines,  227 
Planimotor  for  indicator  cards,  272 

Pressure  turhinos,  compounding  in,  292 

Pressure  turbine,  course  of  steam  in,  291 

Plunger  pumps  for  condenser,  868 

Pressure  of  vapour  from  surface  of  w»* 

Plunger  pumps  with  variable  stroke,  36ft 

19 

Pochaliontus  coals,  41 

-uro  and  volume,  29 

Pockets  in  steam  pipes,  278 

Pressure  and  volume  of  gas,  formula  tor, 

Polarization,  4 

239 

Ponds,  cooling,  with  noxxles,  868,  869 

1 'riming,  and  impurities  in  water,  34 

Ponds,  sizes  of,  for  cooling  condensing 

Prismatic  colours,  2 

water,  369 

Proctor's  mechanical  stoker,  con 

Potential  energy  and  kinetic  energy,  289 

of,  117 

Pounds  and  inches,  vacuum  in,  882 

Producer  gas,  colori6c  valuo  of,  50 

Powor  absorbed  by  condensing  plant,  867 

Producor  gas,  composition  of,  60 
Producer  gas,  production  of, 

Power  from  the  piston,  260 

Powor  required  to  drive  fan,  147 

Prooll  governor,  cons!  I                 .  266 

Power  required  to  move  air,  147 

Proell  governor,  operation  of,  260 

Power  required   with  induced   draught, 

Prof.  Itateau  and  exhaust  steam  wuikioi; 

142 

322 

Powor  taken  from  the  crank  shaft,  261 

Prof.  Thurston's  estimate  of  matter  In 

Power,  transmitting,  De  Laval  turbine. 

feed  water,  179 

8t)5 

Prof.  Thurston's  standard  for  chimneys. 

Power  varies  as  cube  of  velocity,  147 

132 

Pressure  of  air   for  boiler  furnace  and 

Prof.  Tyndal  and  heat  absorption.  11 

water  vapour,  28 
Prensuro  of  air  creating  draught  in  boiler 

Prof.  \Vcighton,  air   pump  capacity  for 

oondensor,  361 

furnace,  28 

Prof.  Weighton,  condenser  employed  by. 

Pressure   of   the   atmosphere,   variation 

860 

of,  19 

Prof.  Weighton,  cost  uf  circulating  wafer. 

Pressure  back  in  cylinder,  219 

303 

Pressure  in  boilers,  formula  for,  80 

Prof.  WeigUton's  experiments   en   eon- 

Pressure    in   centrifugal  fan,   how  pro- 

donsors, 360 

duced,  146 

Prof.    Weighton,    limit    for    circulating 

Pressure  in  chimney  cooling  tower,  378 

water  employed,  803 
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Propeller  fan,  construction  of,  145 

Rate    of    combustion    with    mechanical 

Propeller  fan,  use  of,  146 

stokers,"ll7 

Protection    of   cooling    towers    without 

Rate  of  doing  work,  15 

vertical  draught,  371 

Rate  of   transmission  of  boat,  formula, 

Pulleys  for  belt  driving,  262 

13 

Pulsometer  feed  pump,  construction  of, 

Reading  steam  engine  indicator  cards, 

171 

272 

Pulsometer,  operation  of,  171 

Reagents,  importance  of  mixing  in  water 

Pumps,  air,  for  condenser,  865 

softening,  182 

Pump,  air,  for  jet  condenser,  840 

Reagent*,  measurement  in  Criton  orator 

Pump  for  barometric  condenser,  346 

softener,  164 

Pump,  centrifugal,  for  condenser,  868 
Pumps  for  condensers,  363 

Reagent,  measurement    of,    in    Reiser t 

water  softener,  186 

l'umpa,  Cornish,  driving,  300 

Reagents  ubed  in  Criton  water  softener, 

Pumps  for  jet  condenser,  840 

134 

Pumps,  oil,  for  high-speed  engines,  231 

Reaumur  scale,  4 

l'umpa,  plunger,  with  variable  stroke,  365 

Receivers  steam,   with   triple-expan-i 

Pumps,  rods  for,  360 

engines,  227 

Pumps  for  surface  condenser,  331 

Reciprocating  engine  and  steam  turbine 

Pump  for  Worthingtou  jet  condenser,  343 

compared,  286 

Pumping  engines,  Cornish,  213 

Punching  boiler  plate,  61 

Pure  anthracite  coals,  composition  of,  41 

Reciprocating  engines,  vacuum  with,  33* 

Reciprocating  steam  engine,  218 

Reciprocating  valves  for  engines,  242 

Purification     of    water     by     feed-water 

Recorder,  CO,,  Sarco,  2U6 

heaters,  167 

Recorder,  CO,.  Siimnauce,  210 

Purifying  the  feed  water,  179 

Reducing  valve,  construction  of,  253 

Pyrometer,  expansion,  6 

Reflection,  laws  of,  3 

Pyrometer,  thermo-electric,  7 

Refraction,  laws  of,  3 

Pyrometer,  thermo-electric,  Bristol,  9 

Refuse  destructor,  collierv,  Meld  rums, 

Pyrometer,  thermo-electric,  Crompton,  8 

114 

Refuse  destructor  grate,  Meld  rum's,  115 

Refuse,  towns',  burning,  113 

Q 

Regulators,  damper,  automatic,  149 

Regulators,  food  water,  178 

Quadruple   expansion   ongines,  arrange- 

Re-heatera for  compound  engines,  con- 

ment of  eyliri'l.-'r*,  299 

struction  of,  224 

Quickly  revolving  engines,  223 

Re-heating  steam  between  cylinders,  224 

Reid  oil  separator,  operation  of,  197 

H 

Reiscrt  water  softener,  construction  of, 
186 

Relative  conductive  property  of  thermal 

Radial  bricks  for  chimneys,  188 

insulators,  11 

Radiation  of  heat,  9 

Relay  valve  in  Parsous'  turbine  governor. 

Radiation  from  Lanes,  boilers,  63 

297 

Radiation  from  steam  pipca,  275 

Relief  valve,  atmospheric,  155 

Rainbow,  2 

Relief  valves,  eteam,  287 

Rain,  formation  of,  32 

Relief  valves,  Wi Liana  engine,  235 

Rams  of  coker  mechanical  stokers,  119 

Removing  oil  from  wntar,  193 

Ram  pumps,  construction  of,  170 

Removal  of  solid  matter  in   feed-water 

Ranges  of  valve  motion,  Peache  engine, 

beaters,  167 

m 

Resistance,  thermo  pyrometor,  7 

Rateau  methods  of  steam  storage,  324 

Reservoir  steam   trap,   construction  of, 

Rateau  steam  storage  apparatus,  opera- 

ttfi 

tion  of,  325 

Reservoirs  for  water,  82 

Bateau  turbine,  clearance  in,  310 

Reversing  engine,  by  eccentrics,  247 

Rateau  turbine,  construction  of,  315 

Revolving  wheels  in   Desruiuaux  water 

Rateau  turbino,  diaphragms  in,  816 

sofUner,  190 

Rateau  turbine,  governor  of,  316 

Riblet  feed-water  heater,  164 

Rate*  of  consumption  with  mechanical 

Rings  of   boiler  shells,  arrangement  of. 

draught,  133 

62 

2   D 

402 


INDEX 


Bigg  Bfltoxo  of  steam  pipes,  'J70 
Riveting  boilor  shell*,  62 
Robb-Mumiord    boiler,  construction  ol, 

76 
Rocking  fire  bars,  Neil,  108 
Rocking  fire  bar,  Neeines,  110 
Rooking  tiro  grate,  Koolcr,  109 

Eoz  pumps,  2C0 
Hopes,  division  of  load  between,  8 
Rope  drive,  efficiency  of,  266 
Rope  driving  and  crunk  shaft,  202 
Rope  drivo  mul  Lnucs.  mill  engines,  240 
Rope  pulloys,  conetruction  of,  1»\ 
Hopes,  measurement  of,  361 
Hope,  sizes,  formula  for,  266 
Rotary  motion,  production  of,  260 
BO*  ik.\ible  water  tube,  100 
Rowland's  mechanical  equivalent  of  beat, 

15 
le*a  feed- water  heater,  166 
Royle's  evaporators,  205 
luiiiiiors  in  Zoelly  turbine,  819 


S 


t  and  stop  valve  combined,  156 
Safety  valve,  dead  weight,  104 
Safety  valve,  dead  weight,  Eaves,  155 
Safety  valves,  forms  of,  164 
Safety  valve  lover,  164 
Safety  valve,  low  water,  155 
Safety  valve,  operation  of,  154 
Safety  valves,  reason  for,  152 
Safety  valve  spring,  154 
Salts,  deposit  of,  in  economizer  tubes,  160 
Sarco  automatic  CO.  recorder,  208 
Saroo  recorder,  construction  of,  208 
Suroo  recorder,  operation  of,  209 
Saturated  steam,  properties  of,  24,  34 
Saturated  steam,  Siebel,  34 
Saturation  of  air  by  water  vapour,  27 
Sawdust  as  fuel,  16 

Bealfl  formed  by  impqritfoa  in  water,  33 
Scale  forming  substances  in  boiler  feed, 

tai 

Scales  of  temperature,  4 

Schmidt's  eoparalely   fired   supcrrfcator, 

202 
Schmidt's  superheater  for  Lanes,  boiler, 

S-liultz  boiler,  construction  of,  102 
Suhwartzkopff  coal-dust   burning   appa- 
ratus, 111 
Scott  and  Mountain  high-speed  engine, 

construction  of,  232 
Scrapers  for  economizer  tubes,  159 
Scum  cocks  and  foreign  bodies  for  boilers, 

Season,  effeot  of,  onchimnoy  draught,  185 


Secondary  governor  for  Willans  turbine 

300 
Sectional  area  of  chimneys  139 
Semi-anthracite  coals,  composition  ot.ii 
Semi-bituminous  coals,  composite 

41 
Semi-bituminous  coals,  propertie- 
Separate  stage*  in  Curtis  turbine,  900 
Separators,  oil,  c  i  of,  1'3 

Separator,  oil,  Fletcher,  construction  of, 

194 
Separator,  oil,  Roid,  constni 
Separator,  steam,  construction  of,  904 
Separator,  steam,  Simms,  304 

Dg  Cornish  boilers,  68 
Selling  Lanes,  boilers,  68 
Settling  tank  in  Criton  water  softauv. 

185 

Lag    of    the    wheel    in    Dc 

turbine,  303 
Shaft,  crank,  260 
Shales,  description  of,  46 
Shales,  petroleum  from,  18 
Ship  propellers  and  Parsons  turbine, 
Shovels  of  ooker  mochanical  stokers, 
Siebel  and  saturated  ateom,  34 
Siebel  and  superheated  steam,  35 
Silicate  cotton,  properties  of,  121 
Siminancc  and  A  body  CO,  recorder,  210 
Simmanco  recordor,  construction  of,  fill 
Si  mm  an  ce  recorder,  operation  of,  212 
Simms  feed-water  heater  and  puru 
Simms  pteam  separator.  201 
Simple  engine,  steam,  course  of,  villi,  231 
Sinclair  boiler,  course  of  hot  gases, 
Sinclair  boilor,  drums  in,  96 
Sinclair  superheator,  909 
Sinrlair  water-tube  boiler,  96 
Single  acting  Bumstcd  engine,  I 
Single  acting  Wlllans  ai 
Sirius  steam  trap,  construction  of,  232 
Sirius  steam  trap,  operation  of,  289 
Slide  valves  balanced,  348 
Slide  valve,  description  of,  243 
Slide  valve,  doubla  ported,  const] 

of.  245 
Slide  valve,  doubled  ported,  ope.-. 

246 
Slide  valve  and  eccentrics,  946 
Slide  valve  and  friction,  248 
Slide  valva,  giving  motion  to,  216 
Slide  valve,  lap  and  lead,  248 
Slido  volve  and  leakage  of  steam,  24" 
Slide  valve  and  link  motion,  247 
SUde  valve,  objections  to,  247 
Slide  valve,  operation  of,  246 
Slidu  valve,  operation  of,  by 

Slide  valve,  piston,  operation  of, 
Slipping  of  belt,  268 
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Small  vertical  boOtfs, 

101 
Smokcleas  steam  cub  of  Sooth  Wales, 

41 
SO,  formation,  heat  liberated,  58 
Solid  condition.  16 
Solid  wooden  com  in  ooodeawr  tabes. 

860 
Solids,  ■pccific  beats  of,  13 
Solution  of  gas  in  mw,  » 
Solution  of  gases  by  water,  33 
Solution  of  rock*  by  nt#r.  9S 
Source  of  heat,  bait  position  of.  5fi 
South  Wale*  smokeless  steam  coals,  41 
Specific  heat  of  air,  49 
Specific  beat  of  air  with  varying  pressure. 

BU 

Specific  heat  at  constant  prwtxre,  ex- 
planation of,  80 
Specific  heat  at  constant   volume,  ex- 
planation of,  30 

itio  heat,  definition  of,  IS 
Specific  heats  of  gases,  14,  80 

x  beau  of  liquids,  13 
Specific  beats  of  solids,  13 
Specific  beat  of   substances  used  with 
steam,  11 

fa   heat  of  superheated   steam  at 
atmospheric  pressure,  86 
Specific  neat  and  temperature,  14 
Specific  beat  of  various  substances,  18 
Spectrum,  2 

Spueds  of  Do  Laval  turbine,  306 
Speed  of  Do  Laval  turbine  wheel,  903 
Speed    of    driving    ropes,    Lanes,    mill 

engine,  241 
Speed  of  Edwards'  air  pump,  867 
Speed  of  highest  efficiency,    De    Laval 

turbine,  309 
M  Speedy  "  type  Thornycroft  boiler,  100 
Spent  tan,  calorific  value  of,  45 
Spiral  bailie  plates  iu  Desrumaux  water- 
softener,  190 
Splash  bars,  convex,  for  cooling  towers, 

8  70 
Splash  lubrication  explained,  398 
Splitting  up  of  furnace  gases  In  multi- 
tubular boilers,  71 
Spraying  nosilos,  evaporation  from,  370 
Spraying  nosales,  leas  of  water  with,  870 
Spring  safety  valve,  164 
Sprinkler  mechanical  stoker,  113 
8pur  gearing,  efficiency  of,  365 
Staudatd  atmospheric  pressure,  18 
Standard  boiling  point  of  water,  19 
Standard  lovel  for  boiling  point,  18 
Standard  pressure  for  boiling  point,  18 
Steam,  action  of   on  water  in   pockets. 

Steam,  adibiatic  expansion  of,  390 


boiler,  easprrptieri  ot  53 
Steam  chert  of  steam  engine.  442 
Steam  consumption  of  condensing  plant, 

Richard  Allen,  866 
Steam  eonaumptiao  with  diflarantvaoaa, 

Richard  Allen,  85S-354 
Steam,  coarse  of  with  compound  engine, 

■HI 
3 team,  course  of    iu    enclosed    surface 

f.'.:']» .ri-'T.  M 
Steam,   eouree    of,   in   evaporative  con- 
denser, 384 
Steam,  coarse  of  in  simple  engine,  321 
Steam,  course    of    in    triple    expansion 

engine,  398 
Steam,  course  of  in  Willan*  engine.  388 
Steam  cylinders,  warming,  on  al 

up,  343 
Steam  distribution,  Willans  engine,  333 
Steam  drums  in  Bebcock  boiler,  S3 
Steam  drum.  Climax  boiler,  99 
Steam  drum  in  Marshall's  boiler,  91 
Steam  drum,  Nv-*drum  boiler,  88 
Steam  and  electrical  distribution  com- 
pared. 378 
Steam  engines,  cut  oft*  with,  214 
Steam  engines,  early  forma,  911 
Steam  engines,  expansive  working  with, 

214 
Steam  engine,  governor,  use  of,  942 
Steam  engine  indicator,  219 
Steam  angina  indicator,  cards,  271 
Steam  engine  indicator  cords,  reading, 

373 
Steam  engine  indicator,  construction  of, 

270 
Steam  engine  indicator,  Crosby,  370 
Steam  engine  indicator,  operation  of,  371 
Steam  engine,  reciprocating,  313 
Steam  engine,  steam  cheat,  343 
Steam  engine,  stop  valve  of,  243 
Steam  engine,  wall,  222 
Steam  engines,  water  hammer  in, 
Steam  engine,  work  will  perform,  218 
Btoam  engines,  working  pressure  in,  3 
Steam  engines  working  without 

won,  314 

Steam  exhaust  head  and  oil  catcher.  197 
Steam,  exhaust,  turbines  working  with, 

888 
Steam,  expansion  of  in  Do  Laval  turbino, 

801 
Steam  expansion  for  velocity  turbine,  290 
Steam  food  pumps,  objection  to,  172 
Steam  feed  pumps,  wasto  of  steam  in, 

172 
Steam  feed -water  heaters,  163 
Steam,  flow  of  through  pipes,  table  of, 

276.277 
Stoam  gauge,  construction  of,  1G2 
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Steam     heating    apparatus    iu    Arthur 

Koppel  water  softener,  191 
Steam  jacketing  cylinders  for  condensa- 
tion, an 
Steam  jots,  advantages  claimed  fur,  147 
Steam  jets,   arrangement    of,   in  boiler 

furnaco,  117 
Steam  jet  and  boiler  tube  cleaning,  151 
Steam  jets,  cooling  of  furnace  bars,  147 
Steam-jot  draught,  adjustable  uozsle  for, 

.  H6 
Steam  jets  and  furnace  draught,  147 

Steam  jots  and  mechanical  stokers,  lj:2 

Steam,  latent  heat  of,  17 

Steam  pipe**,  arrangement  of,  278 

Steam  pipes,  drainage  of,  278 

Steam  pipes,  expansion  bends  in,  279 

Steam  pipes,  expansion  and  contraction 

of,  279 
Steam  pipes,  formula  for  loss  of  pressure 

in,  274 
Steam  pipes,  inclination  of,  273 
Steam  pipes,  joiutiug  of,  278 
Steam  pipes,  jointing  rings  for,  280 
Steam  pipes,  loss  of   boat  by  radiation 

from,  276 
Steam  pipes,  pockets  in,  278 
Steam  pipes,  radiation  from,  275 
Steam  pipea,  ring-main  system  of,  279 
Steam  pipes,  substance,  are  made  of,  273 
Steam  pipes,  support  of,  270 
Steam  pipes,  water  hammer  in,  275 
Steam  pressure,  loss  of  in  elbows,  275 
Steam  pressure,  loss  of  in  valves,  275 
Steam  pressures  used  in  modern  practice, 

36 
Steam  preasuros  used  thirty  years  ago,  36 
Steam    pressures,    various,   economy    of 

condensing  with,  867 
Steam    receivers    with    triple-expansion 

engines,  227 
Steam  reheating  between  cylinders,  224 
Steam  relief  valves,  287 
Steam  saturated,  34 
Steam  saturated,  properties  of,  24 
Steam  separator,  construction  of,  203 
Steam  separator,  Marriott,  construction 

of,  208 
Steam  separator,  Simms,  201 
Steam  service,  connection  of  steam  trap 

to,  280 
Steamships,  triple-expansion  engines,  22G 
Steam,  aires  of  pipes  for,  278 
Steam  space  in  Cornish  boilers,  58 
Steam  storage,  Kateau's  methods  of,  324 
Steam,  superheating,  199 
Steam  superheating  for  condensation.  217 
Steam  trap,  Anderson,  operation  of,  236 
Steam  trap,  Brooke,  construction  of,  281 
Steam  traps,  construction  of,  280 


Stoam  trap,  Eustou,  construction  of, 
Steam  trap,  Kuston,  operation  of,  286 
Steam  trap,  Lancaster,  construction  of, 

BBS 
Steam  trap,  Lancaster,  operation  of,  383 
Steam  traps,  lifting  of  water  b>\ 
Stoam  trap  Midget,  operation  of,  236 
Steam  traps  operated  bv  volatile  spirit, 

'285 
Steam   trap    reservoir,   construction 

236 
Steam  trap  reservoir,  operation  of, 
Stoam  trap,  Sinus,  construction  of, 
Steam  trap,  Sirius,  operation  of,  282 
Steam  traps,  use  of,  '280 
Steam  trap  water  seal,  construe  , 

284 
Steam  trap  water  seal,  operation  of,  284 
Steam  tu  rhino  action,  289 
Steam  turbine,  balancing  discs  in. 
Steam  turbine,  classes  of,  288 
Steam  turbine,  construction  of,  288 
Steam  turbines,  forms  of  bucket*,  323 
Stoam  turbines,  forms  of  vanes,  89ft 
Steam    turbine,    increased    vacuum,    D 

creased  efficiency,  87 
Steam  turbine,  pressurr 
Steam  turbine  reaction,  289 
Steam  turbine  and  reciprocating 

compared,  288 
Steam  turbine,  velocity,  238 
Steam  valves  worked  from  crank 

262 
Steam,  velocity  of,  in  Worthing i 

condenser,  848 
Steam,  volume  of,  34 
Steam  and  water  vapou 
Steel  for  boilers,  testing,  61 
Steel  chimneys,  construction  of,  135 
Steel  chimneys,  supporting,  138 
Steel,  tensile  strength  for  boil 
Stirling  boiler,  construction  ol 
Stirling  boiler,  course  of  hot  gases,  64 
Stirling  boiler,  drums  of,  86 
Stirling  boiler,  feed-water.  86 
Stirling  boiler,  furnace  of,  84 
Stirling  boiler,  mud  drum,  8G 
Stirling  boiler,  superhcuto 
Stirling  superheater,  201 
Stirling  water-tube  boiler,  84 
Stirring  and  water  softeners,  183 
Stoker,  chain  grate,  Babuock,  125 
Stoker  grate  bars,  movement  of,  1-0 
Stokers  mechanical,  116 
Stokers  mechanical,  chain  grate,  121 
Stokers  mechanical,  overfed: 
Stokers  mechanical,  underlet 
Stoker  mechanical,  Wilkinson.  L89 
Stokers,  overfeed,  grate  bars  ot,  120 
Stop  and  safety  valve  combined,  156 
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Stop  valves,  angle,  265 

Superheater,  Tinkers,    fitted   to   Lanca- 

Stop valve  body,  construction  of,  256 

shire  boiler,  201 

Stop  valve,  central  pressure,   operation 
of,  259 

Superheater,  Woodeson  boiler,  90 

Superheating  In  Atlas  boiler,  94 

Stop  valves,  construction  of,  242,  254 

Superheating  and  pressure,  35 

Stop    valve,    control    of    steam    gupply 

Superheating  the  steam,  199 

by,  343 

Superheating  steam    for    condensation, 

Stop  valves,  globe,  255 

21T 

Stop  valves  and  governor,  255 

Superheating  and  volume,  35 

Stop  valve,  Hopkinson-Forranti,  257 

Superheating  and  watery  vapour,  200 

Stop  valves,  operation  of,  255 

Supply  of  water  for  injector,  177 
Surface  condenser,  air  effect  in,  382 

Stop  valve,  parallel  slide,  construction 

of,  256 

Surface  condenser,  air  pump  for,  H31 
Surface    condensers    for    tho     beds    of 

Stop  valve  parallel  slide.  Hopkinsou's,  250 

Stop  valve  of  steam  engine,  242 

streams,  333 

Stop  valves,  warming,  before  opening,  249 

Surface    condenser,    circulating     pump 

Storage  of  exhaust  stoam  for  turbinos,  824 

for,  831 

rige,  stoam,  Rateau's  methods  of,  S24 

Surface  condenser,  construction  of,  831 

Strain  on  boiler  shell  with  high  pressures, 

Surface  condensers,  double  tubes  in,  387 

80 

Surface  condenser,  enclosed,  construction 

Striker  boiler,  construction  of,  105 

of,  Sfll 

Straker  boiler  and  motor  waggons,  105 

Surface  condenser,   enclosed,   course    of 

Strakor  boilor,  use'of,  105 

steam  in,  331 

Straw,  calorific  value  of,  45 

Surface  condenser,  evaporative,  construe. 

Specific  heat  of  superheated  steam,  35 

tion  of,  344 

Successive  changes  of  heat,  law  of,  36 

Surface  condensers,  open  tank,  338 

Suckling  boiler,  course  of  hot  gases,  9G 

Surface  condenser,  pumps  for,  831 

Suckling  boiler,  drums  in,  96 

Surface  oondonsors  versus  jot  condensers, 

Suckling  boiler,  water  legs,  96 

341 

Suokiing  wator-tubo  boiler,  96 

Surface  condonser,  Wheeler,  336 

Sulphate  of  calcium  in  water,  38 

Surface,  cooling  in  condenser  and  I. H  r 

Sulphate  of  magnesium  iu  water,  83 

352 

Sun,  heat  from,  2 

Superheat,  degree  of,  200 

T 

Superheat  required,  quantity,  35 

Superheatod  steam  and  lubrication,  231 

Table  of  flow  of  steam  through  pipes, 

Superheated  steam,  Siebel,  35 

276,  277 

Superheated  steam,  specific  heat,  85 

Table  of  mean  pressures,  216 

Superheated  steam  and  turbines,  323 

Table  of    pressures   for  different   fuels, 

Superheatod  steam  iu  turbines,  advantage 

Button,  130 

of,  328 

Table  of  working  capacity  of  stoam  with 

Superheated    steam    in    turbinos     and 

velocity,  290 

lubrication,  828 

Taking  power  from  the  piston,  260 

Superheated  steam,  use  of,  35 

Tandem  compound,  horizontal   engine, 

Superheater,  Babcock,  200 

223 

Superheater  in  Baboock  boiler,  83 

Tandem  compound  oondonsing   ongino 

Superheaters,  construction  of,  199 

horizontal,  224 

Miperheator,  Galloway,  208 

Taylor  water-tube  boiler,  104 

Superheater.  Nesdrum,  202 

Temperature  and  pressure,  4 

Superheater  in  Nesdrum  boiler,  33 

Temperature  of    tho   air  with   Ellis  it 

Superheaters,  operation  of,  200 
Superheater,  Schmidt's  for  Lanes,  boiler, 
202 

Eaves  apparatus,  146 

Temperature  at  which  bicarbonatos  split 
up,  33 

Superheater  soparately  fired  for  Lanca- 

Temperature of  cylinder  walla  with  or- 

shire  boiler,  202 

pansive  working,  217 

Superheater,  Sinclair,  203 

Temperatures  of  combustion   of  towns 
refuse,  114 

Superheater,  Stirling,  201 

Superheater,  Stirling  boilor,  86 

Temperature  of  feed  with  injector,  176 
Temperature  of  ga*es  in  chimney  with 

Superheater,  Tinker,    construction    of, 

203 

forced  draught,  140 
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Temperature  gradient,  definition  of,  11 

Temperature  of  hot  gases  in  boiler  fur- 
nace, 131 

Temperature  of  liot  gases  in  chimney,  129 

Temperature,  initial,  and  cooling  water 
required,  361 

Tomporaturo   limiting  of    hot  gases  in 
chimney,  139 

Temporal i ires,  measurement  of,  5 

Temperature  by  melting  points  of  dif- 
ferent substances,  6 

Temperature  of  outside  air  and  chimney 
draught,  134 

riituro,  scales,  4 

Temperature  and  specific  heat,  14 

Temperature     of     water    delivered     to 
economizer,  1G1 

Temperature  to  which  feed  water  can  be 
heated  with  exhaust  steam,  166 

Temporary  hardness  in  water,  explana- 
tion of,  180 

Tensile  strength  steel  for  boilera,  0*1 

Tension  of  water  vapour,  31 

Testing  steel  for  boilers,  61 

Testing  flue  gases  in  chimney,  305 

Tests  of  boiler  furnaces,  65 

Tost  of  Curtis  turbo  generator,  313 

Tests  of  De  Laval  turbines  at  different 
Low!*.  906 

Teats  of  Do  Laval  turbino  pumps,  308 

Thormal  storage,  Druitt  Halpin,  327 

Theory  of  host,  1 

Thermal  conductivity,  definition  of,  11 

Thermal  conductivity  of  finely  divided 
substances,  12 

Thermal  insulators,  11 

Thormal  insulators  and  air  cells,  13 

Thermal  insulator,  dry  air,  12 

Therm  o-eloc  trio  pyrometer,  7 

Thermometer,  domestic,  0 

Tht-rmomeWr,  mercurial,  6 

Thermometer,  wet  and  dry  bulb,  use  of, 

ThomRon'B  oalorimeter,  44 
Thornycroft  boiler,  launch  type,  102 
Thornycroft  Marshall  boiler,  100 
Thornycroft  motor  wagon  boilers,  105 
Thornycroft-Schultz  boiler,  300 
Thornycroft  boiler,  "  Speedy  "  type,  100 
Thornycroft  water-tube  boiler  H 
Three-cylinder  engines  and  cranks,  261 
Throttle  and  expansion  governing,  differ- 
ence between,  268 
Tight  side  and  loose  side  of  bolt,  263 
Tinker    superheater,    fitted    to    Lanol, 

boiler.  201 
Tinker  superheater,  construction  of,  208 
Towers,  cooling,  370 
Towers,  cooling,  chimney,  872 
Towers,  cooling,  construction  of,  379 


Towers,  cooling,  without  vertical  drat 

371 
Towns'  refuse,  burning,  113 
Towns'  refuse,  burning,  draught  with. 
Towns'  refuse,  calorific  value  of,  113 
Towns'  refuse  destructors,  cone*r 

of,  114 
Towns'  refuse,  dust-sett  ling  apparatus,  114 
Transmission  of  heat,  9 
Transmitting  power,  De  Laval  turbine, 

305 
Transporting  water-tube  boilers,  81 
Trap,    steam    connection  of,    to    steam 

servioe,  280 
Trap,  steam,  Brooke,  oonfltruetion  of,  231 
Trap,  steam,  water  seal,  construction 

284 
Traps,  steam,  use  of,  980 
Trays  for  water  in  jot  condenser,  311 
Treatment  vessels    in    Hsrri*-And«ratHl 

water  softener,  192 
Tripping  gear  for  drop  valves,  240 
Triple  expansion  engines,  226 
Triple  expansion  engines,  arrangement 

of  cylinders  in,  226 
Triple  expansion  condensing  mill  engine, 

horizontal,  240 
Triple  expansion  engines,  proportion  of 

cylinders  in,  220 
Triple  expansion  engine  receivers, 

227 
Triple  expansion  engine,  Willans, 
Trip  valve,  242 
Tubes,  arrangement  of,  Woodeson  boiler, 

90 
Tubes,  capacity  in  Croon's  economizer, 

160 
Tube*  in  Nesdrum  boiler,  87 
Tubes  in  Thornycroft  Marshall  boiler,  100 
Tubes  in  Wheeler  surface  condenser,  337 
Tubes  in  Wood  boiler,  92 
Turbine,  admission   of  steam   to  inter- 
mediate sections,  295 
Turbine,  A. E.G.,  course  of  steam  in,  816 
Turbine  blades.  Parsons,  294 
Turbine  boiler  tube  cleaners,  101 
Turbines  and  condensing,  837 
Turbino,  Curtis,  construction 
Turbine,    De    Laval,   highest    a 

speed,  802 
Turbine,  early  duplicate,  Parsons,  294 
Turbine,  end  thrust  in,  294 
Turbino  governor  relay  valvo,  Parsons, 

297 
Turbine  governor,  Will  an?,  300 
Turbine,  Hamilton  Holzwart 

lion  of,  321 
Turbines,  intermediate,  309 
Turbine,  length  cf 
Turbines,  Parsons,  bearings  of,  295 


son 
lent 

ice, 
I  of 

,M 
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Turbine,  Tortona,  construction  ot  292 
Turbines,  pressure  and  impulse,  differ- 
ence between,  291 
Turbine*,  pressure,  compounding  in,  292 
Turbine  pumps,  De  Laval,  tests  or,  306 
Turbine,  Rateau,  diaphragms  in,  316 
Turbine,  steam,  balancing  discs  in,  295 
Turbines,  steam,  forms  of  buckets,  882 
Turbines  and  superheated  stoam,  328 
Turbines,  vacuum  with,8S2 
Turbine,  Westiughouse,  construction  of, 

313 
Turbine,  Willana  Parsons,  construction 

o€m 

Turbines  working  with  exhaust  steam, 

322 
Turbine,  Zoelly,  construction  of,  317 
Turbine,  Zoelly,  governor  of,  320 
Turbo  pump,  Parsons,  998 
Turiior-Miosso  motor  boiler,  106 

j  Under  engines,  arrangement  of, 

239 
Two-stage  dry  air  pumps,  365 


Ultimate  analysis  of  fuel,  43 

Ultra  violet  rays,  3 

Underfeed  mechanical  stokers,  125 

Underfeed  mechanical  stoker,  Erlth,  126 

Underfeed     Stoker     Co.'s     mechanical 

stoker,  186 
Unit  of  heat  absolute,  14 
Unit  of  mechanical  work  explained,  15 
Use  of  blast  furnace  gas,  60 
Use  of  condenser,  880 
Use  of  cooling  water  for  boiler  feed,  838 
Use  of  the  crank  shaft,  260 
Use  of  hot  gases  to  heat  feed  water,  150 
Use  of  propeller  fan,  145 
Use  of  reducing  valvo,  259 
Use  of  steam  traps,  QS0 
Use  of  stop  valve  in  driving  alternating 

ourrent  generators,  243 
Use  of  Strakcr  boiler.  105 
Use  of  superheated  steam,  85 
Uses  of  small  vertical  boilers,  101 


Vacua,  different,  cooling  water  required 

with,  Richard  Allen,  356 
Vacuo,  high,  and  cooling  water,  861 
Vacuum  augmenter,  advantage  of,  347 
Vacuum    augmenter,    consumption    of 

steam  in,  348 
Vacuum  augmenter,  operation  of,  848 
Vacuum  augmenter,  Parsons,  847 


Vacuum  in  inches  and  pounds,  382 
Vacuum  oil  separator,  Cochrane,  195 
Vacuum  with  reciprocating  engines,  3Q7, 

332 
Vacuum  with  turbines,  827, 889 
Valve,  Corliss,  242 
Valve,  Corliss,  description  of,  251 
Valve,  Corliss,  operation  of,  251 
Vulva,  Corliss,  wrist  plate  of,  252 
Valve,  Cornish,  242 
Valves,  Cornish,  description  of,  250 
Valves,  distributing,  of  high-speed   en. 

gines,  281 
Valvo,  drop,  242,  340 
Valves,  loss  of  steam  pressure  in,  275 
Valve  motion,  range  of,  Peache  engine, 

239 
Valves,  operation  of,  Feoohe  engine,  233 
Valves  of  Pcaoho  engino,  237 
Valves,  reoiprocating  for  onginos,  242 
Valves,  relief,  steam,  387 
Valve,  slide,  242 
Valve,  slide,  piston,  248 
Valve,  stop,  construction  of,  254 
Valve,  stop,  Hopkinaon  Forranti,  257 
Valves,  stop,  operation  of,  265 
Valvo,  trip,  242 

Valvo,  TVheelock,  construction  of,  253 
Vaues  of  steam  turbines,  forms  of,  322 
Vapour  in  atmosphere  and    barometer 

indications,  19 
Vapour  distribution   ohambers  in   Con- 

traflo  condenser,  339 
Vapour  from  surface  of  water,  pressure 

of,  19 
Vapour,  water  and  steam,  34 
Variable -stroke  plunger  pumps,  365 
Variations    of     arrangement    of    tubes, 

water-tube  boilers,  79 
Variation  of  the  boiling-point,  18 
Viiriiitiou  of  evaporation  with  weather, 

869 
Variation  in  pressure  of  tho  atmosphere, 

Variation  of  pressure  and  latent  heat,  22 
Variation  of  speed  of  circulating  pump 

for  condenser,  SOS 
Various  substances,  spocific  heals  of,  13 
Velocity    of    circulating    water,    Prof. 

Weigh  ton,  362 
Velocity  of  cooling  water  in  condenser, 

352 
Velocity  of  gases  and  height  of  chimney, 

Velocity  of  steam  impinging  on  De  Laval 

turbine  disc,  802 
Velocity  of  steam,   increase  of,  in    De 

Laval  turbine,  301 
Velocity    of    steam,    increase    of,    with 

lowered  pressure,  291 
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Velocity  of  steam  in  pipog,  274 

Wator  cooling,  333 

Velocity  of  stoam  in    Worthington  jot 

Water  cooling,  boat  absorbed  by,  333 

con  denser ,  343 

Water  in  Cornish  boilers,  58 

Velocity  steam  turbine,  288 

Water,  course  of,   in   evaporative    con- 

Velocity  turbine,  steam  expansion   for, 

denser,  334 

290 

Wator,  course  of  water  in  enclosed  sur- 

Ventilation by  furnace  in  mines,  127 

face  eon  denser,  331 

Vertical   boiler   and    horizontal   engine, 

Water  to  bo  employed  for  feed,  179 

233 

Water  employed  for  feed,  course  of,  169 

Vertical  boilers,  small,  104 

Water,  evaporation  of,  31 

Vertical  compound  engines,  arrangement 

Water,  evaporation,  cooling  effect  of,  335 

of,  289 

Water,  expansion  of,  16 

Vortiaal  engine  unenclosed,  compound, 

Water,  expansion  in  froeaing,  16 

236 

Water-  and  firo-tube  boilers,  difference 

Vertical  and  horizontal  engines,  239 

between,  77 

Vic  kens'  mechanical  stoker,  construction 

Water  and  gases,  course  of  in  economizer. 

of,  123 

160 

Victors  stoker,  feed  of,  121 

Water  in  the  gaseous  state,  31 

Wator  gauge,  boiler,  construction  of.  151 

Viokcrs  stoker,  movement  of  fire  bars, 

123 

Wator  gauge,  construction  of.  129 

Vlokers  stoker  for  water-tube  boilers,  124 

Water  gauge,  explanation  of,  129 

Volatile  matter  in  coals.  42 

Water  gauge  1-inch  pressure,  correspond- 

Volatile  spirit,   operating  steam   traps, 

ing  to,  129 

286 

Wator  hammer  in  stoam  engines,  275 

Volume  of  gases  with  induced  draught, 

Wator  hammer  in  steam  pipes,  275 

US 

Water  jet  in  Worthington  jet  condenaar, 

Volume  of  gases  produced  by  combustion, 

342 

130 

Water  in  Lanes,  boilers,  53 

Volume  of  gases  and  width  nf  fan,  146 
Volume  and  pressure,  20 

Water,  latent  heat  of,  17 

Wiit or  Iflgi  in  Marshall's  boiler,  91 

Volume  and  pressure  of  gas,  formula  tor, 

Wator  logs  in  Suckling  boiler,  90 

289 

Water  in  the  liquid  state,  31 

Volume  of  stoam,  34 

Water  lost  by  evaporation,  335 

Volume  and  superheating,  35 

Water,  oil,  removing  from,  193 

Volume  and  weight  of  air  at  various  tern- 

Water  in  pockets,  action  of  steam  on,  273 

pcraturos,  96 

Wator     purifying    apparatus    of    Atlas 

boiler,  95 

Water  and  reagents,  course  of  in  Harm- 

W 

Anderson  apparatus,  193 

Water  safety  apparatus,  155 

Wainwright  corrugated  tube,  166 

Water  seal  steam  trap,  construction  of. 

Wuinwright'a  heating  curves  with  plain 

234 

and  corrugntod  tubes,  167 

Water  seal  steam  trap,  operation  of,  284 

Wall  pumps,  arrangement  of,  173 

Water  softener,  Archbutt  Deely.  183 

Wall  pump,  Pearn,  173 

Water  softener,    Bruun-Lowener,  con- 

Wall steam  engine,  222 

struction  of,  167 

Warming  stoam  cylinders  on  starting  up, 

Water  softeners,  construction  of,  182 

243 

Water  softener,  Critan,  construction  of, 

Warming  stop  valves  before  opening,  243 

184 

Waste  of  heat  in  domestic!  fire  grate,  64 

Water  softener.  Desrumaui^constmetiom 

Waste  of  hoot  iu  steam  feed  pumps,  172 

oM90 

Water-bearing  strata,  32 

Water  softener,  Doulton,  construction  of. 

Water  below  furnaco  in  Lanes,  boilers, 

183 

69 

Water  softeners  and  filters,  183 

Water  and  carbonates,  33 

Water  softener,  (Jntimann,  construction 

Water  and  chlorides,  33 

of.  188 

Water  circulation.  Climax  boiler,  99 

Water  softener.   Hurri>-Amderson,   con- 

Water circulation  in  Ncsdrum  boilor,  88 

struction  of,  192 

Water,  composition  of,  31 

Water  softeners,  importance  of   mixiag 

Water  for  condensing,  cost  of,  368 

reagents,  182 
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Water  softener,  Kcnnicott,  construction 

Water  vapour  in  atmosphere,  16 

of,  189 

Water  vapour,  condensation  of,  34 

Water    softener,    Arthur    Koppel,    con- 

Wuter vapour  and  cylinder  condensation. 

struction  of,  I'M 

217 

"Water   softener   for  locomotive  boilers, 

Water  vapour,  elastic  force  of,  27 

Insert,  187 

Water  vapour  and  expansive  working, 

Water  softener,  Iloisert,  construction  of, 

217 

186 

Wator  vapour  and  steam,  34 

Water  softeners  and  stirring,  133 

Water  vapour,  tension  of,  31 

Water  softening  and  analysis,  182 

Water  from  wells,  32 

Water  in  the  solid  »late,  31 

Water,  where  it  comes  from,  31 

Water  and  sulphates.  33 

Waterj'  vapour  and  superbeuting,  200 

Water  surface  in  Cornish  boiler,  CO 

Wave  theory  of  heat,  1 

Water  burfaco  in  Lanes,  boiler,  60 

Waves,  characteristics  of,  I 

Water  tanks  on  chimneys,  138 

Wright  of  air,  18 

Water,    temperature    of,    delivered     M 

Weight  of  column  of  air  abo\o  the  em 

economizer.  161 

18 

Water  trays  in  jet  condenser.  341 

Weight  of  petroleum,  47 

Water  tubes  of  Climax  boiler,  08 

Weight  and   volume  of  air  at  various 

Water-tube  boilers,  advantage  with  high 

temperatures,  26 

pressures,  79 

Weigh  ton.   Prof.,  experiments   on  con- 

Water-tube boilers,  ashpits  in,  82,  107 

densers,  360 

Water-tube  boiler.  Atlas,  93 

Weir's  evaporators  206 

Water-tube  boiler,  Babcock,  82 

Wells  for  water,  32 

Water-tube  boilers,  brickwork,  78 

Wostinghouso  turbine,  construction  of, 

Water-tube  boilors,  circulation,  81 

813 

Water-tube  boiler,  Climax,  y8 

Westinghouse  turbine,  course  of  steam 

Water-tube  boilers,  construction  of,  77 

in,  315 

Water-tube  boiler,  Davey-Paxinau,  con- 

Weatinghouae turbiue  on  Metropolitan 

struction  of,  91 

District  Railway,  813 

Water-tube  boiler,  Detroit,  96 

Wet  back  boiler,  74 

V, Vtr-tube  boilers,  fare  bars,  83 

Wet  and  dry  bulb  thermometer,  use  of,  98 

Water-tube  boilers,  furnace  of,  82 

Wheeler  combined  condenser  and  pump 

Water-tube  boilers,  furnace  grates,  107 

plant,  337 
Wheeler  surface  condenser,  tubes  in,  937 

Water-tube  boiler,  Galloway,  93 

Water-tube  boiler,  Heine,  95 

Wheelock     expansion     gear     for     mill 

Water-tube  boilers  with  horizontal  tubes. 

engines,  241 

90 

Wheelock  valve,  construction  of,  258 

• 

Water-tube  boilers,  iron  work  for,  78 

Wheelock  valve,  description  of,  242 

Water-tube  boilers,  largest  diameters  of 

White  boiler,  construction  of,  106 

vessel*  in,  81 

White  light,  composition  of,  "J 

Water-tube  boiler,  Marshall,  01 

White  motor-waggon  boiler,  10G 

r  tube  boiler,  Nosdrum,  87 

Width  of  fan  for  mechanical  draught. 

Water-tube  boiler,  Sinclair,  96 

Wilkinson  mechanical  stoker.  122 

Water-tube  boiler,  Stirling,  84 

Willans  central  valve  engirt 

Water-tube  boiler,  Suckling,  construction 

Willans  engine,  air  cylinder,  233 

of,  96 

Willans  engine,  arrangement  of  cranks, 

Water-tubo  boiler,  Taylor,  104 

283 

Water-tube  boiler,  Thornycroft,  99 

Willans  engine,  arrangement  of  cylinders 

Water-tube  boiler*,  transporting,  81 

in,  232 

Water-tnbo  boilers,  various  arrangements 

Willans  engine,  arrangement  of  cylinders, 

of  tubes,  79 

compound,  284 

Water-tube  boilers,  Viokera  stoker,  124 

Willans  engine,  brasses  in  compression, 

Water-tube  boiler,  Wood,  92 

233 

Water-tube  boiler,  Woodoson,  88 

Willans  engine,  compressed  air,  heat  in. 

Water-tube  boilers,  working  of,  79 

234 

Water  vapour  and  air,  25 

Willans  engine,  coarse  of  steam,  233 

Water  vapour  in  air  and  blast  furnaces.  27 

Willans  engine,  distributing  valve,  232 
Willans  engine,  governor  of,  235 

Water  vapour  in  air  in  different  months, 

27 

Willans  engine  relief  valves,  235 
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Wiltons  ougine,  single  acting,  28,9 
Wiliflue  engine,  steam  distribution,  232 

Woodeaon  boiler,  construction  of,  88 

Woodoson  boiler,  furnace  of,  88 

Wiltons  engine,  wort  in  compressing air, 

Woodeaon  boiler,  mud  drum*,  90 

234 

Woodeson  boiler,  superheater,  90 

WillauB-Paraoub  turbine,  construction  of, 

Woodeson  water-tube  boiler,  88 

293 

Work  in  ooinprcssing  air,  Willans  ^nflfnti 

Wiltons  triple-expansion  ongiuo,  arrange- 

234 

ment  of,  234 

Work  steam  engine  will  perform. 

Wilton*  turbino  blades,  construction  of, 

Working  pressure  in  steam  engines,  '2 13 

2M 

Working  of  water-tube  boilers,  79 

WT.iuis  turbine  governor,  300 

Worm  gearing,  arrangement  of,  205 

Wiltons  turbine,  lubrication  of,  800 

Worm  gearing,  efficiency  of,  265 
Worthington  boiler  feed  pump,  construc- 

Wiltons turbine*,  secondary  governor,  300 

Williiun.-  Eeed-wmUt  regulator,  construo- 

tion  of,  171 

tion  of,  173 

Worthington  Co.'s  oooling  towor 

WiUon   Hartnell's  expansion   governor, 

Worthington  jet  condenser,  wau  : 

903 

942 

Wires  used  in  thermo-electric  pyrometer, 

Wrirt  pinto  of  Corliss  valve,  262 

7 

Woinland  boiler  tube  cloaner,  160 

Wood  hoi  lor,  construction  of,  92 

Weinland  turbine  boiler  tube  cloaner,  151 

Wood  holler,  course  of  hot  gases  in,  93 

Wood  boilers,  headers  in,  92 

Wood  boiler,  tubes  in,  92 

z 

Wood,  calorific  value  of,  45 

Wood,  composition  of,  44 

Zoelly  turbine,  bearings  in,  319 

Wood  for  cooling  towers,  379 

Zoelly  turbino,  clearance  in. 

Wood,  measurement  of,  4fi 

/."-|ly  turbine,  construction  of,  S17 

Wood  wator-tubo  boiler,  92 

Zoolly  turbine,  emergency  governor 

Wood   wool  filter    in    Bruun    Lowe  nor 

330 

water  floftonor,  188 

Zoelly  turbine  and  exhaust  steam.  839 

Wooden  corca  in  ooudensor  tubes,  360 

Zoelly  turbine,  govornor  of,  390 

Wooden  gratings  in  cooling  tower*,  377 

Zoelly  turbine  governor,  oil  relay  in,  90 

Woodeson  boiler,  arrangement  of  tubes, 

Znrlly  turbine,  overload  vah\<  it;. 

90 

Zoelly  turbine,  runners  in,  319 
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